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 FOREWORD
In
the
Great
L
a
k
e
s
our
interest
in,
a
n
d
our
experience
with,
c
o
n
t
a
m
i
n
a
t
e
d
sediments
developed
from
the
dredging
and
disposal
of
material
for
navigational
purposes.
The
annual
v
o
l
u
m
e
s
of
d
r
e
d
g
e
d
material
vary
considerably,
but
the
a
m
o
u
n
t
s
disposed
of
in
o
p
e
n
waters
has
diminished
in
recent
years
because
of
concern
for
environmental
impacts.
While
it
was
once
thought
that
sediment
associated
contaminants
were
lost
from
the
system,
subsequent
research
has
shown
that
natural
processes,
such
as
physical
resuspen—
sion,
bioturbation
and
uptake
by
biota,
as
well
as
h
um
a
n
activities,
such
as
shipping
and
dredging,
can
significantly
affect
contaminant
availability,
cycling
and
impact.
In
addition,
as
more
data
have
become
available
from
the
nearshore
and
open
lake
areas,
it
is
obvious
that
the
sediments
are
extensively
contaminated
with
a
variety
of
compounds.
The
concentrations
of
most
contaminants
are
often
higher
in
the
nearshore
and
embayment
areas
than
in
the
open
lake
depositional
basins.
Since
1985,
numerous
meetings
and
workshops
have
been
held
in
Canada
and
the
United
States,
which
have
addressed
not
only
navigational
dredging
concerns,
but
also
the
assessment
and
amelioration
of
in—place
pollutants.
In
addition,
several
reports
and
scientific
papers
have
recently
been
released
on
these
subjects.
In
order
to
examine
recent
developments
in
the
Great
Lakes,
and
to
address
the
broader
issue
of
managing
contaminated
sediments,
the
Great
Lakes
Water
Quality
Board
of
the
International
Joint
C
o
m
m
i
s
s
i
o
n
established
an
expert
committee.
This
Sediment
Subcommittee
(SSC)
was
directed
to
review
existing
protocols
for
the
assessment
of
contaminated
sediments
and
technologies
for
the
remediation
of
identified
problems.
In
addition,
the
SSC
was
to
r
e
c
o
m
m
e
n
d
a
standard
approach
to
assesSment
and
remediation
for
u
s
e
in
t
h
e
G
r
e
a
t
L
a
k
e
s
.
O
n
e
of
the
S
S
C
reports,
"Options
for
the
Remediation
of
Contaminated
Sediments
in
the
Great
Lakes",
concluded
that
while
both
the
technology
and
experience
necessary
for
dredging
large
volumes
of
sediment
exist,
the
disposal
of
this
material
remains
a
primary
problem
in
the
Great
Lakes
basin.
T
h
e
y
also
concluded
that
dredging
contaminated
sediments
and
disposing
of
the
entire
quantity
of
material
r
e
m
o
ve
d
in
confined
disposal
facilities
(CDFs)
was
the
only
existing
remediation
technique
in
the
Great
Lakes.
However,
the
increasing
lack
of
available
and
suitable
sites
to
build
C
D
F
s
and
locate
safe
landfills,
as
well
as
certain
technological
and
environmental
considerations
present
a
major
dilemma.
This
situation
clearly
demonstrates
the
urgent
need
for
the
development
of
optional
techniques.
A
n
u
m
b
e
r
of
technologies
for
in
situ
isolation
or
decontamination
of
sediments
are
available
in
West
Germany,
The
Netherlands
and
elsewhere
in
the
United
States.
The
purpose
of
this
symposium
was
to
obtain
detailed
information
on
the
applic—
ability,
utility
and
transferability
of
these
technologies
to
the
Great
Lakes
basin.
It
is
hoped
that
theseproceedings
will
not
only
expedite
remediation
efforts
but
will
also
avoid
the
duplication
of
costly
research
a
n
d
technology
development.
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 I
N
T
R
O
D
U
C
T
O
R
Y
R
E
M
A
R
K
S
by
M.A. Zarull
Symposium Chairman
Good
afternoon
and
welcome
to
the
Technology
Transfer
Symposium
for
the
Remediation of Contaminated
Sediments
in the Great
Lakes.
We
are
here,
I suspect,
for
many
and
different reasons.
One
common
reason
for
participation
is that
we
are
all looking
for
technological
absolution
from
past,
present
and
future
sins.
In this pursuit,
technologists such
as ourselves
are
forced to take
a narrow
view
of problems and
their solutions in order to achieve
progress in a particular area.
In
doing so, both the
broader perspective in which
the problem
is imbedded
and the
opportunity for building a constituency for the
most logical solution
are frequently
lost.
In
the
context of
this particular technological
meeting, we
have
been indeed fortunate
to
have
the
financial
support,
encouragement
and
broader problem
management
perspective
of both
the
International
Joint
Commission
and
its Great
Lakes
Water
Quality
Board.
This symposium represents
the partial fulfillment
of the
Sediment Subcommittee's
terms of reference
and
the next
logical step (having
recently completed
a report
on
options
for remediating
contaminated sediments)
in providing information on contam~
inated
sediments
to
those
involved
in
the
development
of
remedial
action plans
(RAPs)
for
Areas
of Concern.
Here
we
will be dealing
exclusively with
the
technology of remedia—
tion.
Implicit
in
this presentation
is
that
sediment
associated
problems
within
an
area
will
have
already been
adequately defined through an
assessment process recommended
by
the
Sediment
Subcommittee
in its report
"Procedures
for the Assessment
of Contaminated
Sediment
Problems
in the
Great
Lakes".
In addition,
it should
be
understood
that
technological
feasibility,
which
includes
cost,
is only
one
of
many
factors
which
is likely to
influence
the
remedial
option selected
for the
amelioration
of
contaminant
related
sediment problems.
This
symposium
will
attempt
to examine
the
applicability,
utility
and
transferability
of
technologies
to
the
Great
Lakes
basin
which
have
been
developed
or
utilized
in West
Germany,
The
Netherlands
and
elsewhere
in
the
United
States.
The
program
is divided
into
four parts,
with
a panel
discussion period
at
the
end
of
each
section.
In
part
one
(I) -
Existing
Options
for
Remediating
Contaminated
Sediments
in the
Great
Lakes,
we
should
hear
about
existing
options
for
dealing with
contaminated
sediments
in
the
Great
Lakes.
In
addition,
specific
information
should be
provided
on
what
non-navigational
actions
(if any)
have
taken
place
to date;
what
factors
affect
their
application
and
whether
they
are
suitable
or
adequate
to solve
the
perceived
problem
in
Areas
of
Concern;
and
what
the
management
implications
are for
utilizing these
approaches.
In part
two
(II) —- Case
Studies
and
New
Technologies,
we
will
learn
about
the
technologies
being
applied elsewhere
in
North
America
and
western
Europe;
how
successful
their
application
has
been;
and
whether
these
technologies
could
be
used,
in
the
near
future,
in
the
Great
Lakes.
In
addition,
we
should
also learn about
those
technologies
currently
undergoing
research
and
development
and
their potential
for application
in
the
next few years.
  
 In part three (111) — Great Lakes Areas of Concern, we will focus once again on the
Great Lakes. We will be hearing presentations on Waukegan Harbor, Illinois and Hamilton
Harbour, Ontario. What are the differences and similarities between the problems and
pote
ntia
l sol
utio
ns fo
r th
ese
two
Area
s of
Conc
ern?
How
does
the
U.S.
"Sup
erfu
nd"
program help the RAP process, and what factors need to be evaluated when considering
remedial actions for these areas?
In the final phase of this program, part four (IV) - Remediation, Research and
Development in the Great Lakes: The Immediate Future, we will hear what research and
development programs, and demonstration projects are planned for the next five years in
both Canada and the United States. Based on this information we might be able to
ascertain whether the planned level of support and activity, as well as its direction, is
adequate to meet the perceived needs.
While the speakers will undoubtedly provide us with information which is highly
pertinent to our interests, it is incumbent upon you, the participants, to take full
adva
ntag
e of
the
pane
l di
scus
sion
peri
ods
and
purs
ue t
he a
nswe
rs t
o que
stio
ns w
hich
will
assist you in the preparation of your remedial action plan.
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 WE
LC
OM
E
AN
D
IN
TR
OD
UC
TO
RY
RE
MA
RK
S
by
P.A. Bissonnette
Chairman, Canadian Section
International Joint Commission
Th
an
k y
ou
for
inv
iti
ng
me
to
thi
s i
mp
or
ta
nt
eve
nt.
On
beh
alf
of
the
Int
ern
ati
ona
l J
oin
t C
om
mi
ss
io
n,
I w
ou
ld
lik
e t
o t
ak
e t
his
op
po
rt
uni
ty
to
we
lc
om
e a
ll
of
yo
u t
o t
his
wo
rk
sh
op
.
I w
ou
ld
als
o l
ike
to
exp
res
s t
he
Co
mm
is
si
on
's
app
rec
iat
ion
for
the
ov
er
wh
el
mi
ng
sup
por
t t
hat
yo
u a
nd
oth
ers
ha
ve
gi
ven
to
the
wh
ol
e
pro
ces
s o
f d
eve
lo
pi
ng
re
me
di
al
act
ion
pla
ns
(RA
Ps)
.
It
is
ha
rd
to
ov
er
es
ti
ma
te
the
im
po
rt
an
ce
an
d s
ign
ifi
can
ce
of
thi
s u
ni
que
int
ern
ati
ona
l e
xp
er
im
en
t i
n r
eha
bil
ita
tin
g A
re
as
of
Co
nc
er
n i
n t
he
Gr
ea
t L
ak
es
sys
tem
.
It
is
als
o h
ar
d t
o i
ma
gi
ne
an
y g
ro
up
wi
th
a m
or
e
cen
tra
l r
ole
to
pla
y t
ha
n t
he
gr
ou
p t
hat
is
ga
th
er
ed
he
re
tod
ay.
Thi
s i
s t
he
thi
rd
gat
her
ing
of
the
RA
P
co—
ord
ina
tor
s a
nd
I a
m
sur
e t
hat
tho
se
of
yo
u
wh
o a
re
RA
P
co—
ord
ina
tor
s h
av
e a
ll
occ
asi
ona
lly
be
en
so
me
wh
at
in
ti
mi
da
te
d b
y t
he
sc
op
e
an
d m
ag
ni
tu
de
of
yo
ur
res
pec
tiv
e t
ask
s.
Lik
ewi
se,
tho
se
of
yo
u w
ho
are
he
re
as
sci
ent
ifi
c
an
d t
ech
nic
al
exp
ert
s m
us
t a
lso
, a
t t
ime
s,
be
a b
it
ov
er
wh
el
me
d w
it
h a
ll
the
sci
ent
ifi
c
que
sti
ons
an
d u
nce
rta
int
ies
tha
t i
nfl
uen
ce
the
rol
e a
nd
ma
na
ge
me
nt
of
se
di
me
nt
s i
n t
he
Great Lakes system.
Th
e p
urp
ose
of
thi
s s
ymp
os
ium
and
wor
ksh
op
is
to
tra
nsf
er
inf
orm
ati
on
con
cer
nin
g t
he
ma
na
ge
me
nt
of
con
tam
ina
ted
sed
ime
nts
.
Whi
le
eac
h A
re
a o
f C
on
ce
rn
has
its
uni
que
fea
tur
es,
tho
se
of
you
wh
o a
re
RA
P c
o—o
rdi
nat
ors
wil
l h
ave
rea
liz
ed
tha
t c
ont
ami
nat
ed
sed
ime
nts
are
an
imp
ort
ant
asp
ect
of
the
pro
ble
m t
hat
you
are
all
add
res
sin
g.
A d
iff
icu
lt
asp
ect
of
you
r t
ask
is t
o s
om
eh
ow
dev
elo
p a
sen
se
of
the
nat
ure
, e
xte
nt
and
sig
nif
ica
nce
of
con
tam
ina
ted
sed
ime
nts
in
rel
ati
on
to
the
oth
er
sci
ent
ifi
c,
soc
ial
, e
con
omi
c a
nd
pol
iti
cal
con
sid
era
tio
ns
whi
ch
are
als
o p
art
of
the
RA
P p
roc
ess
.
You
r j
ob
is f
orm
ida
ble
and
the
re
will
be
the
ine
vit
abl
e s
etb
ack
s a
nd
fal
se s
tar
ts
tha
t a
re
par
t o
f m
ost
imp
ort
ant
und
ert
aki
ngs
.
How
eve
r,
the
re
will
als
o b
e s
ucc
ess
es
and
the
re
will
be
sat
isf
act
ion
in
kno
win
g t
hat
you
hav
e t
he
opp
ort
uni
ty
to
con
tri
but
e t
o a
n u
npr
ece
den
ted
int
ern
ati
ona
l
eff
ort
to r
est
ore
and
mai
nta
in
the
int
egr
ity
of
the
Gre
at
Lak
es
Bas
in
Eco
sys
tem
.
Tho
se
of y
ou
who
are
her
e as
"exp
erts
" in
the
man
age
men
t of
con
tam
ina
ted
sed
ime
nts
also
hav
e a
n ex
tre
mel
y im
por
tan
t ro
le t
o pl
ay i
n th
is i
nter
nati
onal
exp
eri
men
t.
To
a la
rge
exte
nt,
it wi
ll b
e yo
ur a
dvic
e, b
ase
d on
wha
t yo
u kn
ow
and
lear
n, t
hat
will
defi
ne a
nd
asse
ss t
he a
lter
nati
ve o
ptio
ns w
hic
h ar
e av
aila
ble.
You
will
also
be c
alle
d up
on t
o he
lp
con
cep
tua
liz
e a
nd
exp
lai
n t
he
sci
ent
ifi
c i
nve
sti
gat
ion
s t
hat
will
be
nee
ded
to h
elp
ref
ine
and
eva
lua
te a
lter
nati
ve o
ptio
ns.
At
the
sam
e t
ime
man
y of
the
ques
tion
s th
at y
ou
are
addr
essi
ng a
re l
ikely
to ha
ve d
irec
t ap
plic
atio
n to
sedi
ment
mana
geme
nt i
ssue
s th
at
exte
nd i
nto b
road
er l
ake
mana
geme
nt c
onsi
dera
tion
. S
edim
enta
tion
proc
esse
s ar
e di
rect
ly
link
ed t
o bo
th w
ater
qual
ity
and
wate
r qu
anti
ty c
onsi
dera
tion
s. S
hore
line
eros
ion,
chan
nel
and
harb
our
dred
ging
, an
d th
e tr
ansp
ort
and
depo
siti
on of
sedi
ment
s in
the
Grea
t La
kes
sys
tem
are
sed
ime
nt m
ana
gem
ent
issu
es t
hat
are
of c
onsi
dera
ble
imp
ort
anc
e wi
thin
the
Com
mis
sio
n's
pre
sen
t st
udy
of f
luct
uati
ng w
ate
r le
vels
in t
he G
rea
t La
kes
—St.
Law
ren
ce
Rive
r sy
stem
. T
he p
oten
tial
links
betw
een
wate
r lev
els,
harb
our
dred
ging
, co
ntam
inat
ed
sediments and remedial action plans will need to be recognized.
 While
the
magnitude
of
the
problem
continues
to
be
intimidating,
there
are
m
a
n
y
encouraging
signs.
The
Great
Lakes
Water
Quality
Agreement,
as
amended
on
November
18,
1987
contains
several
additions
that
reinforce
the
importance
of
what
you
are
doing.
Annex
2
on
Remedial
Action
Plans
and
Lakewide
Management
Plans
is
a
major
new
commitment.
Annex
14
on
contaminated
sediments
is
a
recognition
of
the
importance
that
is
placed
on
the
management
of
contaminated
sediments
in
the
Great
Lakes
system.
Annex
17
on
Research
and
Development
is
another
important
annex:
this
annex
is
a
clear
recognition
of
the
need
to
develop
and
sustain
a
strong
scientific
effort
that
is
focussed
on
maintaining
and
restoring
the
integrity
of
the
Great
Lakes
Basin
Ecosystem.
Finally,
the
Prime
Minister
announced
on
October
19
details
of
a
$125
million
action
plan
to
clean
up
the
Great
Lakes—St.
Lawrence
River
Basin.
The
plan
is
composed
of
a
$75
million
fund
to
be
devoted
to
clean
up
17
environmental
"hot
spots".
These
17
"hot
spots"
are,
of
course,
well
known
to
you
as
Areas
of
Concern,
to
which
is attached
a
remedial
action
plan.
$50
million
will
be
used
to
develop
the
scientific
and
technological
knowledge
necessary
to
maintain
the
quality
of
the
Great
Lakes
and
to
prevent
future
pollution.
The
Prime
Minister
made
clear
that
this
money
was
in
addition
to
the
$110
million
St.
Lawrence
Action
Plan
announced last June.
The
Great
Lakes
Water
Quality
Agreement
is an
evolving
instrument
for
ecosystem
management.
Those
of
you
who
are
here
for
the
workshop
are
to
address
some
of
the
most
challenging
and
complex
commitments
included
in
that
Agreement.
I am
confident
that
your
discussions
and
deliberations
over
these
next
few
days
will
contribute
significantly
to
meeting these challenges.
Good luck to you all.
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 In
vi
ew
of
th
e
Cu
rr
en
t
fo
cu
s
on
re
me
di
al
ac
ti
on
pl
an
s
an
d
th
e
fa
ct
th
at
41
of
42
ar
ea
s
ar
e
ch
ar
ac
te
ri
ze
d
b
y
c
o
n
t
a
m
i
n
a
t
e
d
se
di
me
nt
p
r
o
b
l
e
m
s
to
va
ry
in
g
de
gr
ee
s,
it
is
ev
id
en
t
th
at
th
e
re
ha
bi
li
ta
ti
on
pl
an
s
fo
r
th
es
e
ar
ea
s
Wi
ll
h
a
ve
to
ad
dr
es
s
s
e
d
i
m
e
n
t
t
r
e
a
t
m
e
n
t
in
a
non—navigational context.
W
h
a
t
co
nt
am
in
at
ed
se
di
me
nt
re
me
di
at
io
n
ha
s
ta
ke
n
pl
ac
e
in
a
no
n—
na
vi
ga
ti
on
al
co
nt
ex
t?
In
a
no
n-
na
vi
ga
ti
on
al
co
nt
ex
t,
se
di
me
nt
re
me
di
at
io
n
ha
s
no
t
b
e
e
n
ad
dr
es
se
d,
ex
ce
pt
in
in
st
an
ce
s
of
en
vi
ro
nm
en
ta
l
e
m
e
r
g
e
n
c
i
e
s
a
n
d
sp
il
ls
in
wa
te
rc
ou
rs
es
,
w
h
e
r
e
r
e
m
o
v
a
l
of
th
e
c
o
n
t
a
m
i
n
a
n
t
al
so
ne
ce
ss
it
at
es
tr
ea
tm
en
t
a
n
d
re
st
or
at
io
n
of
th
e
se
di
me
nt
.
In
th
e
ne
ar
fu
tu
re
,
th
e
W
i
n
d
e
m
e
r
e
Ba
si
n
po
rt
io
n
of
Ha
mi
lt
on
Ha
rb
ou
r
wi
ll
be
dr
ed
ge
d
an
d
th
e
se
di
me
nt
co
nf
in
ed
be
hi
nd
b
e
r
m
s
on
si
te
.
A
n
u
m
b
e
r
of
po
ll
ut
an
ts
ha
ve
b
e
c
o
m
e
en
tr
ap
pe
d
in
th
e
se
di
me
nt
an
d,
co
ns
eq
ue
nt
ly
,
th
e
ba
si
n
is
a
so
ur
ce
of
po
ll
ut
an
ts
in
th
e
harbour.
U
n
d
e
r
hi
gh
fl
ow
s
(d
ur
in
g
sp
ri
ng
ru
no
ff
an
d
du
ri
ng
ma
jo
r
st
or
m
ev
en
ts
),
se
ct
io
ns
of
th
e
ba
si
n
sc
ou
r
an
d
it
is
li
ke
ly
th
at
th
e
ma
te
ri
al
is
ca
rr
ie
d
th
ro
ug
h
to
Ha
mi
lt
on
Ha
rb
ou
r
an
d
we
s
t
e
r
n
L
a
k
e
On
ta
ri
o,
ca
us
in
g
fu
rt
he
r
de
gr
ad
at
io
n.
T
h
e
ba
si
n
is
to
o
sh
al
lo
w
to
be
of
an
y
na
vi
ga
ti
on
al
va
lu
e
an
d
is
be
in
g
dr
ed
ge
d
fo
r
no
n—
na
vi
ga
ti
on
al
pu
rp
os
es
.
Wh
at
Op
ti
on
s
fo
r
re
me
di
at
io
n
ar
e
av
ai
la
bl
e
fo
r
im
me
di
at
e
ap
pl
ic
at
io
n?
A
t
pr
es
en
t,
th
e
re
me
di
al
op
ti
on
s
av
ai
la
bl
e
in
th
e
Gr
ea
t
La
ke
s
ba
si
n
fo
r
ha
nd
li
ng
co
nt
am
in
at
ed
se
di
me
nt
s
in
vo
lv
e
th
e
me
ch
an
ic
al
dr
ed
gi
ng
of
ma
te
ri
al
(e
it
he
r
hy
dr
au
li
ca
ll
y
or
cl
am
sh
el
l)
an
d
di
sp
os
al
in
to
a
co
nt
ai
nm
en
t
fa
ci
li
ty
lo
ca
te
d
in
th
e
ne
ar
sh
or
e
zo
ne
or
di
sp
os
al
at
an
up
la
nd
lo
ca
ti
on
.
In
th
e
la
tt
er
ca
se
,
th
e
ma
te
ri
al
mu
st
me
et
al
l
re
gu
la
to
ry
requirements.
A
co
ns
id
er
ab
le
am
ou
nt
of
ba
se
li
ne
in
fo
rm
at
io
n
ex
is
ts
on
th
e
su
it
ab
il
it
y
an
d
ap
pl
ic
a—
tion of these options.
Cr
it
er
ia
fo
r
th
e
lo
ng
—t
er
m
ma
na
ge
me
nt
of
co
nt
ai
nm
en
t
fa
ci
li
ti
es
wi
ll
be
re
le
as
ed
sh
or
tl
y.
Si
mi
la
r
cr
it
er
ia
ex
is
t
fo
r
th
e
up
la
nd
pl
ac
em
en
t
of
dr
ed
ge
d
ma
te
ri
al
.
Th
e
op
ti
on
of
le
av
in
g
ma
te
ri
al
in
pl
ac
e
ha
s
re
ce
iv
ed
at
te
nt
io
n
la
te
ly
.
Al
th
ou
gh
re
fe
rr
ed
to
as
a
"d
o
no
th
in
g"
op
ti
on
,
th
is
op
ti
on
in
vo
lv
es
th
e
na
tu
ra
l
se
di
me
nt
at
io
n
of
cl
ea
n
ma
te
ri
al
th
ro
ug
h
so
ur
ce
co
nt
ro
l
as
we
ll
as
th
e
po
ss
ib
le
su
pp
le
me
nt
or
en
ha
nc
em
en
t
of
th
e
na
tu
ra
l
se
de
me
nt
ar
y
pr
oc
es
se
s.
Re
me
di
al
op
ti
on
s
ot
he
r
th
an
th
os
e
me
nt
io
ne
d
ab
ov
e
do
ex
is
t
on
a
pi
lo
t
sc
al
e
or
th
eo
re
ti
ca
l
le
ve
l,
me
an
in
g
th
at
th
e
pr
oc
es
s
wo
rk
s
fo
r
so
il
or
ha
s
be
en
sh
ow
n
to
wo
rk
in
th
e
la
bo
ra
to
ry
.
A
fa
ir
am
ou
nt
of
fi
el
d
te
st
in
g
an
d
va
li
da
ti
on
be
fo
re
im
pl
em
en
ta
ti
on
is
ne
ed
ed
.
Ot
he
r
so
ur
ce
s
of
vi
ab
le
op
ti
on
s
ar
e
th
e
tr
ea
tm
en
t
an
d
ma
na
ge
me
nt
te
ch
ni
qu
es
us
ed
by
ou
r
Eu
ro
pe
an
co
un
te
rp
ar
ts
,
wh
o
we
re
fo
rc
ed
to
co
ns
id
er
in
no
va
ti
ve
tr
ea
tm
en
t
op
ti
on
s
wh
en
fa
ce
d
wi
th
di
mi
ni
sh
in
g
la
nd
ar
ea
fo
r
lo
ca
ti
ng
co
nt
ai
nm
en
t
an
d
up
la
nd
fa
ci
li
ti
es
.
Wh
at
ar
e
th
e
ma
na
ge
me
nt
im
pl
ic
at
io
ns
of
us
in
g
th
es
e
ap
pr
oa
ch
es
?
Th
e
ma
na
ge
me
nt
im
pl
ic
at
io
ns
of
th
es
e
op
ti
on
s i
nv
ol
ve
bo
th
th
e
co
st
s
an
d
th
e
de
ve
lo
pm
en
t
of
te
ch
no
lo
gy
to
tr
ea
t
mi
ll
io
ns
of
cu
bi
c
me
te
rs
of
se
di
me
nt
.
-12-
Alot
o
f
t
h
e
s
e
o
p
t
i
o
n
s
a
r
e
s
i
m
p
l
y
n
o
t
i
m
p
l
e
m
e
n
t
a
b
l
e
a
t
p
r
e
s
e
n
t
.
T
h
e
y
n
e
e
d
t
o
b
e
va
l
i
d
a
t
e
d
in
t
h
e
field
o
r
a
d
a
p
t
e
d
to
suit
t
h
e
r
e
q
u
i
r
e
m
e
n
t
s
o
f
a
particular
R
A
P
.
S
o
m
e
p
r
o
c
e
s
s
e
s
will
n
o
t
b
e
c
o
n
s
i
d
e
r
e
d
viable
b
e
c
a
u
s
e
o
f
t
h
e
spatial
limitations
a
s
s
o
c
i
a
t
e
d
w
i
t
h
the
treatment,
reuse
or
disposal
of
the
material.
S
o
c
i
o
—
e
c
o
n
o
m
i
c
analysis
a
n
d
e
n
v
i
r
o
n
m
e
n
t
a
l
s
c
r
e
e
n
i
n
g
o
f
t
h
e
acceptability
o
f
t
h
e
s
e
options
will
h
a
ve
to
be
incorporated
into
the
R
A
P
d
e
ve
l
o
p
m
e
n
t
a
n
d
implementation
process.
-13-
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W
a
s
t
e
M
a
n
a
g
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m
e
n
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B
r
a
n
c
h
,
P
o
l
i
c
y
S
e
c
t
i
o
n
O
n
t
a
r
i
o
M
i
n
i
s
t
r
y
o
f
t
h
e
E
n
v
i
r
o
n
m
e
n
t
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R
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UP
L
A
N
D
D
I
S
P
O
S
A
L
O
F
C
O
N
T
A
M
I
N
A
T
E
D
D
R
E
D
G
E
D
M
A
T
E
R
I
A
L
by
C. R. Lee
U
S
.
A
r
m
y
E
n
g
i
n
e
e
r
W
a
t
e
r
w
a
y
s
E
x
p
e
r
i
m
e
n
t
S
t
a
t
i
o
n
V
i
c
k
s
b
u
r
g
,
M
i
s
s
i
s
s
i
p
p
i
ABSTRA T
D
r
e
d
g
e
d
m
a
t
e
r
i
a
l
is
a
r
e
s
o
u
r
c
e
w
h
e
t
h
e
r
c
o
n
t
a
m
i
n
a
t
e
d
o
r
n
o
t
.
T
h
e
k
e
y
t
o
t
h
e
s
u
c
c
e
s
s
—
ful
m
a
n
a
g
e
m
e
n
t
o
f
d
r
e
d
g
e
d
m
a
t
e
r
i
a
l
is
t
h
e
u
n
d
e
r
s
t
a
n
d
i
n
g
o
f
t
h
e
p
r
o
c
e
s
s
e
s
g
o
v
e
r
n
i
n
g
c
o
n
-
t
a
m
i
n
a
n
t
m
o
b
i
l
i
t
y
w
i
t
h
i
n
a
n
d
f
r
o
m
d
r
e
d
g
e
d
m
a
t
e
r
i
a
l
.
O
n
l
y
t
h
e
n
c
a
n
m
a
n
a
g
e
m
e
n
t
s
t
r
a
t
—
e
g
i
e
s
b
e
f
o
r
m
u
l
a
t
e
d
t
o
c
o
n
t
r
o
l
c
o
n
t
a
m
i
n
a
n
t
m
o
b
i
l
i
t
y
a
n
d
a
c
h
i
e
v
e
r
e
u
s
e
o
f
this
r
e
s
o
u
r
c
e
.
E
x
a
m
p
l
e
s
o
f
d
r
e
d
g
e
d
m
a
t
e
r
i
a
l
r
e
u
s
e
a
r
e
r
e
s
t
o
r
a
t
i
o
n
o
f
a
c
i
d
m
i
n
e
spoil,
i
m
p
r
o
v
e
m
e
n
t
o
f
m
a
r
g
i
n
a
l
f
a
r
m
l
a
n
d
,
silviculture,
r
e
c
r
e
a
t
i
o
n
a
l
parks,
greenbelts,
wildlife
habitat
a
n
d
landfill
c
o
v
e
r
material.
C
e
r
t
a
i
n
c
o
n
t
a
m
i
n
a
t
e
d
d
r
e
d
g
e
d
s
e
d
i
m
e
n
t
s
m
a
y
r
e
q
ui
r
e
s
e
l
e
c
t
e
d
t
r
e
a
t
m
e
n
t
technologies,
s
u
c
h
as
i
m
m
o
b
i
l
i
z
a
t
i
o
n
,
stabilization
a
n
d
/
o
r
p
l
a
c
e
m
e
n
t
in
a
controlled,
c
o
n
f
i
n
e
d
disposal
facility
as
appropriate
m
a
n
a
g
e
m
e
n
t
.
INTRODUCTION
 
It
is
un
f
o
r
t
un
a
t
e
that
the
w
o
r
d
"spoil"
has
b
e
e
n
us
e
d
for
d
r
e
d
g
e
d
material.
Spoil
c
o
n
n
o
t
e
s
a
b
a
d
w
a
s
t
e
product.
D
r
e
d
g
e
d
material
is
essentially
soil
a
n
d
o
t
h
e
r
constituents,
including
pollutants.
T
h
e
trick
is
to
m
a
n
a
g
e
d
r
e
d
g
e
d
material
appropriately
to
control
the
pollutants
a
n
d
to
realize
a
productive
use
for
this
resource.
This
task
c
a
n
b
e
done!
It
will
require
effort
as
s
h
o
w
n
in
Figure
l,
but
it
c
a
n
b
e
done!
W
e
just
h
a
v
e
to
m
a
n
a
g
e
the
"P"
(
p
o
l
l
ut
i
o
n
)
o
u
t
o
f
it!
This
p
a
p
e
r
will
cite
s
o
m
e
productive
uses
of
dredged
material
a
n
d
give
examples.
T
h
e
n
a
discussion
will
b
e
p
r
e
s
e
n
t
e
d
o
n
h
o
w
a
decision
c
a
n
b
e
m
a
d
e
a
b
o
ut
d
r
e
d
g
e
d
material
m
a
n
a
g
e
m
e
n
t
a
n
d
d
o
c
u
m
e
n
t
s
will
b
e
cited
that
describe
a
n
a
p
p
r
o
a
c
h
that
the
U.S.
A
r
m
y
E
n
g
i
n
e
e
r
W
a
t
e
r
w
a
y
s
E
x
p
e
r
i
m
e
n
t
Station
(
W
E
S
)
has
d
e
v
e
l
o
p
e
d
a
n
d
is
continuing
to
improve.
P
R
O
D
U
C
T
I
V
E
U
S
E
S
O
F
D
R
E
D
G
E
D
M
A
T
E
R
I
A
L
S
t
r
i
p
M
i
n
e
R
e
c
l
a
m
a
t
i
o
n
A
c
i
d
m
i
n
e
wa
s
t
e
in
Illinois
is
a
g
o
o
d
e
x
a
m
p
l
e
of
w
h
a
t
spoil
is.
T
h
e
r
e
are
n
u
m
e
r
o
u
s
existing
sites
w
h
e
r
e
surface
runoff
hasa
p
H
of
2.9,
wh
i
c
h
is
e
xt
r
e
m
e
l
y
toxic
to
plant
life.
After
50
years,
there
is
only
sparse
vegetation
colonizing
these
sites.
This
is
spoil
in
the
truest
sense
of
the
word!
W
h
a
t
can
be
d
o
n
e
to
a
site
such
as
this?
H
o
w
c
a
n
w
e
m
a
n
a
g
e
s
u
c
h
a
site
in
a
p
r
o
d
u
c
t
i
v
e
m
a
n
n
e
r
?
 
A
site
at
O
t
t
a
wa
,
Illinois
w
a
s
selected
during
the
D
r
e
d
g
e
d
Material
R
e
s
e
a
r
c
h
P
r
o
g
r
a
m
(
D
M
R
P
)
in
1975
to
d
e
m
o
n
s
t
r
a
t
e
the
use
of
d
r
e
d
g
e
d
material
to
restore
acid
surface
m
i
n
e
w
a
s
t
e
sites.
A
three
foot
(one
m
e
t
e
r
)
layer
of
d
r
e
d
g
e
d
material
f
r
o
m
C
h
i
c
a
g
o
'
s
C
a
l
u
m
e
t
R
i
ve
r
w
a
s
p
l
a
c
e
d
o
v
e
r
acid
m
i
n
e
spoil
a
n
d
v
e
g
e
t
a
t
e
d
with
grasses
b
y
the
C
h
i
c
a
g
o
District
of
the
C
o
r
p
s
t
h
r
o
ug
h
the
W
E
S
.
In
r
e
c
e
n
t
years
other
m
a
n
a
g
e
m
e
n
t
strategies
h
a
v
e
b
e
e
n
i
m
p
l
e
m
e
n
t
e
d
b
y
the
R
o
c
k
Island
District
t
h
r
o
ug
h
the
W
E
S
.
T
h
e
m
a
n
a
g
e
m
e
n
t
strategies
e
va
l
ua
t
e
d
included
prairie
restoration
a
n
d
the
production
of
c
o
r
n
a
n
d
soybeans.
T
h
e
m
a
n
a
g
e
m
e
n
t
of
grasses
included
m
o
w
i
n
g
,
burning
a
n
d
fallow.
This
w
o
r
k
s
h
o
w
e
d
that
acid
surface
runoff
could
b
e
eliminated
using
d
r
e
d
g
e
d
material;
acid
m
i
n
e
spoil
could
b
e
vegetated;
a
n
d
the
site
could
b
e
c
o
n
v
e
r
t
e
d
for
agricultural
production.
 I
'
DR
ED
GE
D S
POI
L
(A WA
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SOME
THIN
G BA
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DRE
DGE
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L
w
‘
I MA
NAGE
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UT O
F IT
!
I DI
D IT
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DRE
DGE
D SO
IL
(A PR
ODUC
TIVE
RESO
URCE
)
FIGURE ] CONVER
SION OF DREDGED S
EDIMENT TO A PROD
UCTIVE RESOURCE
—m
a
t
e
r
i
a
l
c
o
u
l
d
b
e
r
e
a
l
i
z
e
d
a
n
d
t
h
e
l
a
n
d
c
o
n
v
e
r
t
e
d
f
o
r
p
r
o
d
u
c
t
i
v
e
u
s
e
s
.
 
A
g
r
i
c
u
l
t
u
r
a
l
P
r
g
ﬁ
u
c
t
i
o
n
D
r
e
d
g
e
d
m
a
t
e
r
i
a
l
c
a
n
b
e
u
s
e
d
t
o
e
n
h
a
n
c
e
a
g
r
i
c
u
l
t
u
r
a
l
l
a
n
d
,
e
s
p
e
c
i
a
l
l
y
m
a
r
g
i
n
a
l
l
a
n
d
s
.
T
h
e
r
e
a
r
e
a
p
p
r
o
x
i
m
a
t
e
l
y
1
6
m
i
l
l
i
o
n
h
e
c
t
a
r
e
s
o
f
m
a
r
g
i
n
a
l
a
g
r
i
c
u
l
t
u
r
a
l
l
a
n
d
i
n
t
h
e
U
S
.
O
n
e
m
i
l
l
i
o
n
h
e
c
t
a
r
e
s
a
r
e
a
l
o
n
g
w
a
t
e
r
w
a
y
s
.
T
h
e
a
p
p
l
i
c
a
t
i
o
n
o
f
t
h
r
e
e
f
e
e
t
(
o
n
e
m
e
t
e
r
)
o
f
d
r
e
d
g
e
d
m
a
t
e
r
i
a
l
t
o
t
h
e
s
e
l
a
n
d
s
w
o
u
l
d
r
e
s
u
l
t
i
n
d
i
s
p
o
s
a
l
s
i
t
e
s
f
o
r
a
p
p
r
o
x
i
m
a
t
e
l
y
1
2
x
1
0
9
c
u
b
i
c
y
a
r
d
s
(
9
x
1
0
9
m
3
)
o
f
d
r
e
d
g
e
d
m
a
t
e
r
i
a
l
.
T
h
e
b
e
n
e
f
i
t
s
r
e
a
l
i
z
e
d
w
o
u
l
d
b
e
a
n
i
n
c
r
e
a
s
e
i
n
s
i
t
e
e
l
e
v
a
t
i
o
n
,
i
m
p
r
o
v
e
d
g
r
o
w
t
h
m
e
d
i
a
f
o
r
c
r
o
p
p
r
o
d
u
c
t
i
o
n
,
a
n
d
n
u
m
e
r
o
u
s
disposal sites.
 
A
n
e
x
a
m
p
l
e
o
f
t
h
e
e
n
h
a
n
c
e
m
e
n
t
o
f
a
g
r
i
c
u
l
t
u
r
a
l
l
a
n
d
is
t
h
e
u
s
e
o
f
d
r
e
d
g
e
d
m
a
t
e
r
i
a
l
f
r
o
m
t
h
e
Y
a
z
o
o
R
i
v
e
r
i
n
M
i
s
s
i
s
s
i
p
p
i
t
o
i
n
c
r
e
a
s
e
t
h
e
e
l
e
v
a
t
i
o
n
o
f
l
o
w
l
a
n
d
s
o
y
b
e
a
n
f
i
e
l
d
s
a
n
d
t
h
e
c
r
e
a
t
i
o
n
o
f
h
i
g
h
e
r
c
o
t
t
o
n
l
a
n
d
.
T
h
e
g
o
a
l
o
f
t
h
i
s
p
r
o
j
e
c
t
is
t
o
c
r
e
a
t
e
c
o
t
t
o
n
l
a
n
d
t
h
a
t
e
q
u
a
l
s
p
r
i
m
e
c
o
t
t
o
n
l
a
n
d
i
n
M
i
s
s
i
s
s
i
p
p
i
,
u
s
i
n
g
d
r
e
d
g
e
d
m
a
t
e
r
i
a
l
.
O
t
h
e
r
e
x
a
m
p
l
e
s
c
a
n
b
e
c
i
t
e
d
o
f
s
u
c
c
e
s
s
f
u
l
a
g
r
i
c
u
l
t
u
r
a
l
a
c
t
i
v
i
t
i
e
s
,
s
u
c
h
a
s
c
o
r
n
a
n
d
c
a
b
b
a
g
e
p
r
o
d
u
c
t
i
o
n
a
l
o
n
g
t
h
e
C
o
l
u
m
b
i
a
R
i
v
e
r
i
n
O
r
e
g
o
n
,
3
f
e
e
d
l
o
t
s
o
u
t
h
o
f
P
o
r
t
l
a
n
d
,
O
r
e
g
o
n
,
a
n
d
c
a
t
t
l
e
p
r
o
d
u
c
t
i
o
n
a
n
d
a
c
o
t
t
o
n
w
o
o
d
p
l
a
n
t
a
t
i
o
n
i
n
L
o
u
i
s
i
a
n
a
.
M
u
l
t
i
p
u
r
p
o
s
e
U
s
e
O
n
e
o
f
t
h
e
l
a
r
g
e
s
t
i
n
t
e
n
s
i
v
e
l
y
m
a
n
a
g
e
d
c
o
n
f
i
n
e
d
d
i
s
p
o
s
a
l
facilities
(
C
D
F
)
in
t
h
e
w
o
r
l
d
is
l
o
c
a
t
e
d
n
e
a
r
R
o
t
t
e
r
d
a
m
,
T
h
e
N
e
t
h
e
r
l
a
n
d
s
.
T
h
i
s
site,
c
a
l
l
e
d
t
h
e
B
r
o
e
k
p
o
l
d
e
r
,
is
a
n
u
p
l
a
n
d
C
D
F
f
o
r
c
o
n
t
a
m
i
n
a
t
e
d
d
r
e
d
g
e
d
m
a
t
e
r
i
a
l
f
r
o
m
R
o
t
t
e
r
d
a
m
H
a
r
b
o
r
.
T
h
e
s
i
t
e
h
a
s
f
o
r
e
s
t
e
d
a
r
e
a
s
,
a
f
a
m
i
l
y
p
a
r
k
f
o
r
r
e
s
i
d
e
n
t
s
o
f
R
o
t
t
e
r
d
a
m
,
a
g
o
l
f
c
o
u
r
s
e
a
n
d
a
g
r
i
c
u
l
t
u
r
a
l
c
r
o
p
p
r
o
d
u
c
t
i
o
n
a
r
e
a
s
.
D
u
t
c
h
s
c
i
e
n
t
i
s
t
s
a
t
T
h
e
N
e
t
h
e
r
l
a
n
d
s
O
r
g
a
n
i
z
a
t
i
o
n
f
o
r
A
p
p
l
i
e
d
S
c
i
e
n
t
i
f
i
c
R
e
s
e
a
r
c
h
(
T
N
O
)
h
a
v
e
b
e
e
n
c
o
n
d
u
c
t
i
n
g
c
o
o
p
e
r
a
t
i
v
e
r
e
s
e
a
r
c
h
w
i
t
h
t
h
e
W
E
S
t
o
e
v
a
l
u
a
t
e
c
o
n
t
a
m
i
n
a
n
t
m
o
b
i
l
i
t
y
t
h
r
o
u
g
h
t
h
e
d
i
f
f
e
r
e
n
t
m
a
n
a
g
e
m
e
n
t
s
t
r
a
t
e
g
i
e
s
.
T
h
e
T
i
m
e
s
B
e
a
c
h
C
D
F
in
B
u
f
f
a
l
o
,
N
.
Y
.
is
s
i
m
i
l
a
r
t
o
t
h
e
B
r
o
e
k
p
o
l
d
e
r
in
c
o
n
t
a
m
i
n
a
-
t
i
o
n
a
n
d
i
n
e
c
o
l
o
g
y
.
T
h
i
s
C
D
F
h
a
s
p
o
t
e
n
t
i
a
l
a
s
a
r
e
c
r
e
a
t
i
o
n
a
l
p
a
r
k
a
n
d
i
n
c
l
u
d
e
s
a
n
a
q
u
a
t
i
c
a
r
e
a
,
a
w
e
t
l
a
n
d
a
r
e
a
a
n
d
a
n
u
p
l
a
n
d
f
o
r
e
s
t
e
d
a
r
e
a
.
S
t
u
d
i
e
s
a
r
e
c
u
r
r
e
n
t
l
y
b
e
i
n
g
c
o
n
d
u
c
t
e
d
a
t
T
i
m
e
s
B
e
a
c
h
t
o
e
v
a
l
u
a
t
e
t
h
e
m
o
b
i
l
i
t
y
o
f
c
o
n
t
a
m
i
n
a
n
t
s
i
n
e
a
c
h
o
f
t
h
e
t
h
r
e
e
e
c
o
l
o
g
i
c
a
l
a
r
e
a
s
.
C
o
n
t
a
m
i
n
a
n
t
m
o
b
i
l
i
t
y
i
n
t
h
e
u
p
l
a
n
d
a
r
e
a
is
b
e
i
n
g
c
o
m
p
a
r
e
d
t
o
t
h
a
t
b
e
i
n
g
s
t
u
d
i
e
d
a
t
t
h
e
B
r
o
e
k
p
o
l
d
e
r
t
o
b
e
t
t
e
r
u
n
d
e
r
s
t
a
n
d
t
h
e
m
o
v
e
m
e
n
t
o
f
c
o
n
t
a
m
i
n
a
n
t
s
u
n
d
e
r
d
i
f
f
e
r
e
n
t
m
a
n
a
g
e
m
e
n
t
s
t
r
a
t
e
g
i
e
s
.
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 Wildlife Habitat Enhancement
Nu
me
ro
us
ex
am
pl
es
ca
n b
e
ci
te
d f
or
wil
dli
fe
ha
bi
ta
t
us
e
of
dr
ed
ge
d
ma
te
ri
al
di
sp
os
al
fac
ili
tie
s.
Th
e
CD
F
at
Poi
nte
Mou
ill
ee,
on
La
ke
Eri
e,
ne
ar
Det
roi
t,
Mi
ch
ig
an
is
pe
rh
ap
s
th
e l
ar
ge
st
we
tl
an
d c
re
at
io
n p
ro
je
ct
in
th
e
Un
it
ed
St
at
es
.
Th
is
pr
oj
ec
t h
as
en
ha
nc
ed
wa
te
rf
ow
l i
n t
he
ar
ea
sub
sta
nti
all
y.
Dr
ed
ge
d
ma
te
ri
al
ha
s b
ee
n
us
ed
to
sta
bil
ize
er
od
in
g
la
ke
sh
or
e
at
St
er
li
ng
St
at
e P
ar
k,
Mi
ch
ig
an
.
Th
is
pr
oc
ed
ur
e h
as
al
so
im
pr
ov
ed
th
e p
ar
k a
nd
th
e
Ca
na
da
go
os
e p
op
ul
at
io
n h
as
in
cr
ea
se
d.
Th
e
Sa
gi
na
w
Ri
ve
r
Di
ke
d
Di
sp
os
al
Pr
oj
ec
t
ha
s
de
ve
lo
pe
d
an
up
la
nd
en
vi
ro
nm
en
t
th
at
wa
s
qu
ic
kl
y c
ol
on
iz
ed
by
na
ti
ve
pl
an
ts
an
d
pr
ov
id
ed
ne
st
in
g f
or
wil
dli
fe.
At
th
e
Ma
ll
ea
bl
e U
pl
an
d
Di
sp
os
al
Si
te
fo
r S
t.
Jo
se
ph
Ha
rb
or
,
Mi
ch
ig
an
,
th
e e
xi
st
in
g d
um
p
sit
e c
ou
ld
be
co
nv
er
te
d
in
to
a s
ite
fo
r p
ra
ir
ie
gr
as
se
s a
nd
wi
ld
fl
ow
er
s.
Th
e
las
t e
xa
mp
le
is
th
at
of
To
ro
nt
o H
ar
bo
ur
,
On
ta
ri
o,
wh
ic
h i
s a
mu
lt
ip
ur
po
se
pr
oj
ec
t
th
at
us
es
dr
ed
ge
d
ma
te
ri
al
as
a r
es
ou
rc
e
in
th
e
de
ve
lo
pm
en
t
of
mu
lt
ip
ur
po
se
la
nd
.
Th
e
lis
t o
f e
xa
mp
le
s c
ou
ld
co
nt
in
ue
.
Ho
we
ve
r,
th
es
e
pr
oj
ec
ts
gi
ve
a g
oo
d
in
di
ca
ti
on
of
th
e
po
te
nt
ia
l
th
at
ex
is
ts
fo
r t
he
pr
od
uc
ti
ve
us
e
of
dr
ed
ge
d
ma
te
ri
al
.
MA
NA
GE
ME
NT
ST
RA
TE
GY
FO
R
DR
ED
GE
D
MA
TE
RI
AL
Ho
w
ca
n
we
re
al
iz
e t
he
po
te
nt
ia
l
be
ne
fi
ts
of
dr
ed
ge
d
ma
te
ri
al
as
a r
es
ou
rc
e?
Fir
st,
we
ne
ed
to
un
de
rs
ta
nd
th
e p
ro
ce
ss
es
go
ve
rn
in
g t
he
mo
bi
li
ty
of
co
nt
am
in
an
ts
wi
th
in
an
d
fr
om
dr
ed
ge
d
ma
te
ri
al
.
On
ly
th
en
ca
n
ma
na
ge
me
nt
st
ra
te
gi
es
be
fo
rm
ul
at
ed
to
co
nt
ro
l
co
nt
am
in
an
t
mo
bi
li
ty
an
d
to
ac
hi
ev
e
th
e r
eu
se
of
thi
s r
es
ou
rc
e.
Th
e
pr
oc
es
se
s o
cc
ur
ri
ng
at
a
CD
F
ar
e s
ho
wn
in
Fi
gu
re
2.
A
ma
na
ge
me
nt
st
ra
te
gy
fo
r d
re
dg
ed
ma
te
ri
al
ha
s b
ee
n
de
ve
lo
pe
d
to
ev
al
ua
te
ea
ch
of
th
e p
ro
ce
ss
es
sh
ow
n
in
Fi
gu
re
2.
(F
ra
nc
in
gu
es
et.
al.
198
5).
A
dec
isi
on
ma
ki
ng
fr
am
ew
or
k (
DM
F)
has
be
en
fo
rm
ul
at
ed
ba
se
d o
n t
his
ma
na
ge
me
nt
str
ate
gy
to
int
erp
ret
res
ult
s o
f t
est
s d
es
ig
ne
d t
o e
val
uat
e p
at
hw
ay
s o
f c
on
ta
mi
na
nt
mob
ili
ty
(P
ed
di
co
rd
et.
a1.
198
6).
Th
e f
oll
owi
ng
lis
t g
ive
s t
he
tes
t p
rot
oco
l a
nd
the
corresponding pathway that it evaluates:
Tes
t P
rot
oco
l
Pa
th
wa
y o
f C
ont
ami
nan
t M
obi
lit
y
Eff
lue
nt
Qua
lit
y
Eff
lue
nt
Dis
cha
rge
Surface Runoff Quality Runoff
Leachate Quality Leachate
Seepage
Soluble diffusion, Seepage.
Soluble Convection Through Tidal Pumping
Capillary
Mobility Between Layers
Plant Uptake Bioturbation By Plants
Animal Uptake Bioturbation By Animals
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B
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F
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U
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E
2
N
E
A
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S
H
O
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E
C
O
N
F
I
N
E
D
D
I
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 Th
er
e
ar
e
th
re
e
ge
ne
ra
l
di
sp
os
al
en
vi
ro
nm
en
ts
in
wh
ic
h
dr
ed
ge
d
ma
te
ri
al
ca
n
be
placed: aquatic, i
ea
ch
di
sp
os
al
en
vi
ro
nm
en
t.
Th
e
te
ch
ni
ca
l
ap
pr
oa
ch
co
ns
is
ts
of
ni
ne
st
ep
s
as
li
st
ed
be
lo
w:
Step 1:
Step 2:
Step 3:
Step 4:
Step 5:
Step 6:
Step 7:
Step 8:
Step 9:
Select Implemen-
0
Initial evaluation
Select Disposal
Alternative
Identify Potential
Problems
Apply Testing
Protocol
Assess Need for °
Restrictions
tation Strategy
Identify Control
Options
Examine Design
Considerations
Choose Appropriate
Control Measures
nt
er
ti
da
l,
an
d
up
la
nd
.
Th
e
W
E
S
m
a
n
a
g
e
m
e
n
t
st
ra
te
gy
ca
n
be
ap
pl
ie
d
to
Co
ns
id
er
s
al
l
av
ai
la
bl
e
in
fo
rm
at
io
n
an
d
in
cl
ud
es
se
di
me
nt
bu
lk
ch
em
ic
al
an
al
ys
is
.
Ba
se
d
on
th
is
in
fo
rm
at
io
n,
is
th
er
e
re
as
on
to
th
in
k
th
at
th
e
se
di
me
nt
is
c
o
n
t
a
m
i
n
a
t
e
d
?
If
th
er
e
is
re
as
on
to
th
in
k
th
at
th
e
se
di
me
nt
is
co
nt
am
in
at
ed
,
co
ns
id
er
th
e
di
sp
os
al
en
vi
ro
nm
en
t
to
be
se
le
ct
ed
:
aq
ua
ti
c,
in
te
rt
id
al
,
an
d/
or
up
la
nd
.
Aq
ua
ti
c
Di
sp
os
al
:
W
a
t
e
r
C
o
l
u
m
n
Im
pa
ct
s
Benthic Impacts
Up
la
nd
Di
sp
os
al
:
Ef
fl
ue
nt
Qu
al
it
y
Surface Runoff Quality
Leachate Quality
Plant Uptake
Animal Uptake
Ut
il
iz
e
th
e
De
ci
si
on
ma
ki
ng
Fr
am
ew
or
k
(D
MF
)
to
in
te
rp
re
t
te
st
re
su
lt
s.
Ut
il
iz
e
th
e
Dr
ed
ge
d
Ma
te
ri
al
Al
te
rn
at
iv
e
Se
le
ct
io
n
St
ra
te
gy
(D
MA
SS
),
Cu
ll
in
an
e
et
al
.
19
86
.
Gu
id
an
ce
fo
r
ac
co
mp
li
sh
in
g
St
ep
s
6
th
ro
ug
h
9
ca
n b
e
fo
un
d
in
DM
AS
S
(C
ul
li
na
ne
et.
al.
19
86
).
Co
pi
es
of
th
e
DM
F
an
d
DM
AS
S
ar
e
av
ai
la
bl
e
up
on
re
qu
es
t
fr
om
th
e
au
th
or
.
Th
is
te
ch
ni
ca
l
ap
pr
oa
ch
ha
s
be
en
ad
op
te
d
by
th
e
Co
rp
s
of
En
gi
ne
er
s
an
d
is
be
in
g
ap
pl
ie
d
th
ro
ug
ho
ut
th
e
Co
rp
s
di
st
ri
ct
s.
Th
is
ap
pr
oa
ch
ca
n
ev
al
ua
te
an
y
co
nt
am
in
at
ed
dr
ed
ge
d
ma
te
ri
al
.
It
is
co
nc
ei
va
bl
e
th
at
ce
rt
ai
n h
ig
hl
y c
on
ta
mi
na
te
d d
re
dg
ed
se
di
me
nt
s
ma
y
re
qu
ir
e s
pe
ci
al
tr
ea
tm
en
t
te
ch
no
lo
gi
es
, i
mm
ob
il
iz
at
io
n,
st
ab
il
iz
at
io
n a
nd
/o
r p
la
ce
—
me
nt
in
a
co
nt
ro
ll
ed
co
nf
in
ed
di
sp
os
al
fac
ili
ty
th
at
is
eq
ui
pp
ed
wi
th
mu
lt
ip
le
lin
ers
an
d
le
ac
ha
te
co
ll
ec
ti
on
an
d
tr
ea
tm
en
t
ca
pa
bi
li
ti
es
.
Dr
ed
ge
d m
ate
ria
l i
s a
res
our
ce.
It
mi
gh
t t
ak
e s
om
e
eff
ort
to
ma
na
ge
the
"P"
(po
llu
tio
n)
out
of
it,
but
it
ca
n b
e d
on
e a
s s
ho
wn
in
Fi
gur
e
1.
-20-
PA
N
E
L
D
I
S
C
U
S
S
I
O
N
A
N
D
S
E
L
E
C
T
E
D
C
O
M
M
E
N
T
S
1.
U
n
d
e
r
t
h
e
U
S
.
E
n
v
i
r
o
n
m
e
n
t
a
l
P
r
o
t
e
c
t
i
o
n
A
g
e
n
c
y
'
s
(
U
S
.
E
P
A
)
S
e
c
t
i
o
n
1
1
8
P
r
o
g
r
a
m
,
t
h
e
W
E
S
D
e
c
i
s
i
o
n
m
a
k
i
n
g
F
r
a
m
e
w
o
r
k
(
D
M
F
)
will
b
e
m
o
d
i
f
i
e
d
t
o
i
n
c
l
u
d
e
t
h
e
e
v
a
l
u
a
t
i
o
n
o
f
i_n
i
n
;
c
o
n
t
a
m
i
n
a
t
e
d
s
e
d
i
m
e
n
t
s
t
h
a
t
lie
o
u
t
s
i
d
e
o
f
t
h
e
C
o
r
p
s
n
a
v
i
g
a
t
i
o
n
c
h
a
n
n
e
l
s
.
T
h
e
D
M
F
will
d
e
s
c
r
i
b
e
h
o
w
to
test
a
n
d
interpret
results
to
d
e
t
e
r
m
i
n
e
if
i_n
ﬁ
g
;
s
e
d
i
m
e
n
t
s
a
r
e
c
a
u
s
i
n
g
a
p
r
o
b
l
e
m
.
It
will
also
d
e
s
c
r
i
b
e
h
o
w
to
e
v
a
l
u
a
t
e
potential
iii
m
t
r
e
a
t
m
e
n
t
o
f
c
o
n
t
a
m
i
n
a
t
e
d
s
e
d
i
m
e
n
t
.
If
t
h
e
s
e
d
i
m
e
n
t
requires
r
e
m
o
v
a
l
,
t
h
e
existing
D
M
F
w
o
u
l
d
b
e
t
h
e
a
p
p
r
o
p
r
i
a
t
e
a
p
p
r
o
a
c
h
to
e
v
a
l
u
a
t
e
i
m
p
a
c
t
s
o
n
t
h
e
disposal
environment.
2.
T
h
e
t
w
o
d
o
c
u
m
e
n
t
s
h
a
n
d
e
d
out
at
registration
entitled
"
P
r
o
c
e
d
ur
e
s
for
the
A
s
s
e
s
s
—
m
e
n
t
of
C
o
n
t
a
m
i
n
a
t
e
d
S
e
d
i
m
e
n
t
P
r
o
b
l
e
m
s
in
the
G
r
e
a
t
L
a
k
e
s
"
a
n
d
"Options
for
the
R
e
m
e
d
i
a
t
i
o
n
of
C
o
n
t
a
m
i
n
a
t
e
d
Sediments
in
the
Great
Lakes"
are
excellent
starting
points
for
the
modification
of
the
W
E
S
D
M
F
.
T
h
e
information
in
these
d
o
c
u
m
e
n
t
s
will
be
considered,
modified,
w
h
e
r
e
necessary,
a
n
d
incorporated,
as
appropriate.
3.
Mr.
Keith
Madill's
paper
o
n
"Upland
Disposal"
suggests
the
use
of
bulk
sediment
chemical
analysis
as
a
criterion
for
determining
p
r
o
b
l
e
m
sediments.
A
s
Mr.
A
n
s
a
r
K
h
a
n
states,
since
its
adoption
in
the
mid
19705,
this
m
e
t
h
o
d
has
been
an
extremely
poor
criterion
on
which
to
base
a
decision.
Research
has
shown
that
bulk
sediment
chemistry
does
not
always
relate
to
adverse
biological
effects.
The
D
M
F
uses
bulk
sediment
analysis
to
establish
an
inventory
of
contaminants
and
to
assist
in
answering
the
question
"Is
there
reason
to
think
that
the
sediment
is
contaminated?
If
there
is
reason
to
think
that
the
sediment
is
contaminated,
then
additional
testing,
according
i
to
the
D
M
F
protocols,
is
required
before
a
decision
can
be
made.
 
4.
Mr.
Keith
Madill's
paper
on
"Upland
Disposal"
also
suggests
a
special
m
a
n
a
g
e
m
e
n
t
for
dredging
slurries.
This
effort
is
not
necessary.
The
D
M
F
describes
a
test
protocol
for
evaluating
C
D
F
effluent
water
quality
during
a
dredging
and
disposal
operation.
This
test
protocol
has
been
developed
especially
for
C
D
F
effluent
discharges
and
has
been
i
successfully
verified
in
the
field.
The
test
protocol
is
described
in
detail
by
Palermo
?
(1985).
Based
on
the
results
of
this
test,
a
C
D
F
can
be
designed
to
retain
suspended
solids
a
n
d
contaminants.
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c
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l
e
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c
h
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t
e
/
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i
o
a
s
s
e
s
s
m
e
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t
t
e
c
h
n
i
q
u
e
s
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s
e
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f
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r
s
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f
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c
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n
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S
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m
e
c
o
n
t
a
m
i
n
a
t
e
d
d
r
e
d
g
e
d
m
a
t
e
r
i
a
l
s
a
r
e
d
i
s
p
o
s
e
d
o
f
a
w
a
y
f
r
o
m
a
q
u
a
t
i
c
e
n
v
i
r
o
n
—
m
e
n
t
s
i
n
s
u
i
t
a
b
l
e
u
p
l
a
n
d
d
i
s
p
o
s
a
l
s
i
t
e
s
,
b
u
t
m
o
s
t
a
r
e
p
l
a
c
e
d
i
n
s
h
o
r
e
—
b
a
s
e
d
"
c
o
n
f
i
n
e
d
d
i
s
p
o
s
a
l
f
a
c
i
l
i
t
i
e
s
"
(
C
D
F
s
)
.
T
h
i
s
p
a
p
e
r
o
u
t
l
i
n
e
s
t
h
e
p
r
o
c
e
s
s
a
n
d
a
s
s
o
c
i
a
t
e
d
c
o
m
p
l
e
x
i
t
i
e
s
i
n
v
o
l
v
e
d
i
n
t
h
e
s
e
l
e
c
t
i
o
n
,
a
c
q
u
i
s
i
t
i
o
n
a
n
d
m
e
e
t
i
n
g
o
f
e
n
v
i
r
o
n
m
e
n
t
a
l
a
p
p
r
o
v
a
l
r
e
q
u
i
r
e
m
e
n
t
s
f
o
r
t
h
e
c
o
n
s
t
r
u
c
t
i
o
n
o
f
s
u
c
h
d
r
e
d
g
e
d
m
a
t
e
r
i
a
l
c
o
n
t
a
i
n
m
e
n
t
f
a
c
i
l
i
t
i
e
s
.
T
h
e
u
s
e
o
f
p
r
i
v
a
t
e
l
y
o
w
n
e
d
s
i
t
e
s
f
o
r
t
h
e
d
i
s
p
o
s
a
l
o
f
c
o
n
t
a
m
i
n
a
t
e
d
d
r
e
d
g
e
d
m
a
t
e
r
i
a
l
p
r
e
s
e
n
t
s
a
u
n
i
q
u
e
c
h
a
l
l
e
n
g
e
f
r
o
m
t
h
e
v
i
e
w
p
o
i
n
t
o
f
r
e
g
u
l
a
t
o
r
y
a
p
p
r
o
v
a
l
.
T
h
e
C
D
F
s
,
b
o
t
h
t
h
o
s
e
f
o
r
s
h
o
r
t
—
a
n
d
l
o
n
g
-
t
e
r
m
u
s
e
,
a
r
e
u
s
u
a
l
l
y
s
h
o
r
e
a
t
t
a
c
h
e
d
f
a
c
i
l
i
t
i
e
s
c
o
n
s
t
r
u
c
t
e
d
i
n
t
h
e
v
i
c
i
n
i
t
y
o
f
p
r
o
j
e
c
t
s
i
t
e
s
f
r
e
q
u
e
n
t
l
y
d
r
e
d
g
e
d
.
T
h
e
p
a
p
e
r
d
e
s
c
r
i
b
e
s
t
h
e
b
a
s
i
c
e
n
v
i
r
o
n
m
e
n
t
a
l
a
n
d
e
n
g
i
n
e
e
r
i
n
g
c
r
i
t
e
r
i
a
w
h
i
c
h
m
u
s
t
b
e
m
e
t
i
n
t
h
e
d
e
s
i
g
n
a
n
d
c
o
n
s
t
r
u
c
t
i
o
n
o
f
C
D
F
s
.
A
b
r
i
e
f
d
e
s
c
r
i
p
t
i
o
n
o
f
v
a
r
i
o
u
s
l
o
n
g
t
e
r
m
d
i
s
p
o
s
a
l
f
a
c
i
l
i
t
i
e
s
i
n
t
h
e
C
a
n
a
d
i
a
n
s
e
c
t
i
o
n
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
,
i
n
c
l
u
d
i
n
g
d
i
s
c
u
s
s
i
o
n
o
f
s
p
e
c
i
a
l
d
e
s
i
g
n
f
e
a
t
u
r
e
s
a
n
d
c
o
n
s
t
r
u
c
t
i
o
n
c
o
s
t
s
o
f
e
a
c
h
,
is
p
r
e
s
e
n
t
e
d
i
n
t
h
e
p
a
p
e
r
.
A
n
e
n
v
i
r
o
n
m
e
n
t
a
l
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In conclusion, this paper critically assesses the present situation, in view of the
increasing public and regulatory resistance to this mode of disposal.
CDFs, however,
remain the only proven disposal technique for contaminated dredged material in the
Canadian Great Lakes.
There is thus an urgent need to enhance CDF
monitoring activities
to establish their long- and short—term impacts in order to assess their regulatory and
public acceptability.
Otherwise, the disposal of contaminated dredged material may
literally come to a standstill until a more environmentally acceptable and economically
viable alternative is found.
MANUSC RIPT UNAVAILABLE
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ABSTRACT
Confined disposal facilities (CDFs) have been constructed for the disposal of
contaminated dredged material from Great Lakes navigation projects since the 19805. The
majority of sites have been constructed since 1970 under the Diked Disposal Program for
the Great Lakes, authorized in 1970. The design of CDFs has evolved over the years as
experience has been gained and advances in technology have been made. Design variables
include location, wave climate, material to be dredged and level of contamination. Long
term maintenance is generally required. The technical and environmental feasibility of
CDFs has been demonstrated over the years. CDF construction is expected to continue at
some level in the future for the disposal of dredged material from Great Lakes navigation -
projects.
INTRODUQTION
Prior to the late 1960s, essentially all dredged material was disposed of in the open
lake, much of it by hopper dredges. As a consequence of rapid industrial and urban growth
in areas adjoining the Great Lakes, a concern developed over the possible adverse effects
that open-lake disposal of dredged material might have on water quality and lake ecology.
As a result, in 1966, Congress requested the Corps of Engineers to conduct an
investigation into the feasibility of using alternative methods of disposal at selected
harbors on the Great Lakes. The results of the investigation indicated that additional
study was needed and that, in the meantime, the containment of polluted dredged material
would be a step in the direction of improving water quality.
From 1968 to 1970, the US. Environmental Protection Agency (U.S. EPA) took
bottom sediment samples in all the navigation channels and harbors in the Great Lakes.
The bottom sediments of 77 of the 129 harbors sampled were classified as unsuitable for
open lake disposal.
In 1970, Section 123 of PL 91-611 of the Rivers and Harbors Act authorized the Corps
to construct, operate and maintain CDFs to contain polluted maintenance dredging for ten
years subsequent to construction. Excepting the Great Lakes connecting channels, local
participation was required. For connecting channels projects, the Corps would construct,
operate and maintain the facility. For projects involving local cooperation, local interests
would pay 25% of the construction costs, unless they were participating in and in compli—
ance with a USEPA approved plan to clean up the sources of pollution. If local interests
were in compliance, the government would pay 100% of the cost of construction. To date,
all CDFs built under this authorization have been constructed with 100% federal funding.
Local interests have been required to furnish necessary real estate and assurances that
they would maintain the CDF after filling.
In April 1977, Region V of the USEPA came out with its "Guidelines for the Pollu—
tional Classification of Great Lakes Sediments", based upon bulk chemical analysis.
Ranges of concentrations for various parameters were established to classify sediments as
unpolluted, moderately polluted or heavily polluted. Based upon this classification,
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h
e
airport.
A
r
e
a
#
1
4
a
t
C
l
e
v
e
l
a
n
d
,
O
h
i
o
is
c
u
r
r
e
n
t
l
y
b
e
i
n
g
fi
ll
ed
a
n
d
wi
ll
p
r
o
v
i
d
e
a
d
d
e
d
p
a
r
k
s
p
a
c
e
in
a
n
u
r
b
a
n
a
r
e
a
in
n
e
e
d
o
f
o
p
e
n
s
p
a
c
e
.
A
t
L
o
r
a
i
n
H
a
r
b
o
r
,
O
h
i
o
w
e
u
s
e
d
t
h
e
o
u
t
e
r
b
r
e
a
k
w
a
t
e
r
a
n
d
t
h
e
e
f
f
i
c
i
e
n
c
y
o
f
a
s
e
m
i
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c
i
r
c
l
e
t
o
p
r
o
v
i
d
e
t
h
e
n
e
e
d
e
d
c
a
p
a
c
i
t
y
.
H
u
r
o
n
H
a
r
b
o
r
,
O
h
i
o
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s
a
si
mi
la
r
de
si
gn
ag
ai
ns
t
th
e
o
ut
e
r
b
r
e
a
k
w
a
t
e
r
.
Ci
rc
ul
ar
st
ee
l
s
h
e
e
t
pi
le
ce
ll
s
w
i
t
h
fi
ll
w
e
r
e
u
s
e
d
fo
r
m
u
c
h
o
f
t
h
e
di
ke
.
A
t
th
e
e
n
d
of
L
a
k
e
Er
ie
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at
T
o
l
e
d
o
H
a
r
b
o
r
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O
h
i
o
th
e
C
D
F
is
l
o
c
a
t
e
d
ou
t
in
M
a
u
m
e
e
Ba
y.
W
h
e
n
fi
ll
ed
,
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wi
ll
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ov
id
e
m
u
c
h
n
e
e
d
e
d
s
p
a
c
e
fo
r
th
e
po
rt
au
th
or
it
y.
T
h
e
s
p
a
c
e
b
e
t
w
e
e
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o
ur
C
D
F
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n
d
th
e
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e
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ll
b
e
fi
ll
ed
b
y
th
e
po
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au
th
or
it
y
to
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o
m
p
l
e
t
e
th
is
e
xp
a
n
s
i
o
n
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th
e
P
o
r
t
of
To
le
do
.
T
h
e
C
D
F
di
ke
in
cl
ud
es
p
r
e
p
a
r
e
d
l
i
m
e
s
t
o
n
e
a
n
d
cl
ay
.
A
t
Pt
e.
Mo
ui
ll
e,
M
i
c
h
i
g
a
n
th
er
e
is
a
3
1/
2
mi
le
lo
ng
C
D
F
,
re
pl
ac
in
g
a
n
e
r
o
d
e
d
ba
rr
ie
r
re
ef
to
re
st
or
e
a
3
5
0
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c
r
e
we
tl
an
d.
T
h
e
a
r
e
a
wi
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b
e
m
a
n
a
g
e
d
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c
o
o
p
e
r
a
t
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o
n
w
i
t
h
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e
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e
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M
i
c
h
i
g
a
n
.
W
a
t
e
r
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ve
ls
wi
ll
b
e
co
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ro
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ed
in
th
e
a
r
e
a
b
e
h
i
n
d
th
e
C
D
F
to
p
r
o
m
o
t
e
m
a
r
s
h
a
n
d
ha
bi
ta
t
de
ve
lo
pm
en
t.
T
h
e
C
D
F
di
ke
in
cl
ud
es
pr
ep
ar
ed
li
me
st
on
e
a
n
d
fi
lt
er
sheets.
T
h
e
Mo
nr
oe
,
Mi
ch
ig
an
C
D
F
is
lo
ca
te
d
at
St
er
li
ng
St
at
e
Pa
rk
,
ab
ou
t
t
wo
mi
le
s
fr
om
th
e
ha
rb
or
.
T
h
e
C
D
F
is
ex
pe
ct
ed
to
pr
ov
id
e
an
ex
ce
ll
en
t
fi
sh
er
ie
s
ha
bi
ta
t,
wi
th
a
r
m
o
r
st
on
e
fa
ci
ng
La
ke
Mi
ch
ig
an
.
Af
te
r
fi
ll
in
g,
it
wi
ll
be
de
ve
lo
pe
d
by
th
e
st
at
e
as
a
sc
en
ic
ov
er
lo
ok
,
ca
mp
in
g,
re
cr
ea
ti
on
,
an
d
ha
bi
ta
t
ar
ea
.
Gr
as
sy
Is
la
nd
an
d
Di
ck
in
so
n
Is
la
nd
we
re
co
ns
tr
uc
te
d
on
th
e
co
nn
ec
ti
ng
ch
an
ne
ls
ne
ar
De
tr
oi
t
a
n
d
wi
ll
se
rv
e
as
wi
ld
li
fe
ar
ea
s.
Ou
r
C
D
F
fo
r
th
e
Sa
gi
na
w
Ri
ve
r
is
a
ki
dn
ey
sh
ap
ed
is
la
nd
in
Sa
gi
na
w
Ba
y,
Mi
ch
ig
an
.
Th
e
C
D
F
di
ke
in
cl
ud
es
a
pr
ep
ar
ed
li
me
st
on
e
co
re
an
d
pl
as
ti
c
fi
lt
er
cl
ot
h.
Cu
rr
en
tl
y,
re
se
ar
ch
on
bi
oa
ss
es
sm
en
t
me
th
od
s
is
be
in
g
pe
rf
or
me
d
at
th
is
si
te
by
th
e
U
S
.
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Environmental Protection Agency and the Waterways Experiment Station of the Corps of
Engineers. 7
The CDF
at Holland Harbor, Michigan is a good example of site adaptation.
The local
community is proud of its many flower beds and windmills.
Our two sites, both of which
,
are upland, blend into this development.
One site was designed to receive material
directly from the dredge. After the material dried it was trucked to the second site for
1
park development.
upland site, was doublehandled and trucked to the site.
Most of the material in the Michigan City Harbor (Indiana) CDF, which is actually an
l
The Chicago Area CDF is located in Chicago, adjacent to the port authorities lake
1
front terminal. When filled, it will provide additional storage space for the terminal. The
‘
CDF dike includes a prepared limestone core, filter cloth and a synthetic membrane.
At Kenosha, Wisconsin a harbor pier is used as one leg of the CDF. This pier also
provides a platform for the dredged material to be unloaded.
The Milwaukee, Wisconsin CDF also uses a pier for one leg of the CDF. The CDF dike
includes granular fill and plastic filter cloth. Filter cells were used at this CDF.
The Manitowoc, Wisconsin CDF provides protection for a small boat harbor,
constructed shoreward of the area. The CDF dike includes bedding stone, sand and a steel
sheet pile wall.
Our CDF for Green Bay Harbor, Wisconsin is a kidney shaped island located just
offshore. This site is now full. Although an addition to the site has been proposed, it has
f:
not been approved for construction because of local concerns. The addition includes a
’
bentonite—cement slurry trench as part of the CDF dike. The existing CDF dike includes
bedding stone and a steel sheet pile wall.
The Duluth—Superior CDF is at the western extremity of Lake Superior. This area has
i
no discharge of water back into the harbor. Evaporation provides the means of drying out
the area.
I
l
l
DISPOSAL
Where appropriate, containment areas are provided with mooring and dredge pumpout
facilities. Most CDFs for deep water harbors were designed to be used by Corps of s
Engineers hopper dredges. Private industry now has several such dredges on the Great 3
Lakes, and the Corps dredges have been discontinued. A pipeline is used to distribute the
l
dredge material around the facility.
Bucket dredges and scows are often used to dredge material and transport it to
disposal facilities. This process requires rehandling of the material at the disposal site
;
with a small pump
or a crane.
3
Cutter head dredges can also be used where the CDFs are close enough to the
dredging to make that arrangement practical. Such arrangements have been the exception
rather than the rule. Some sites are not readily accessible to marine plant pipelines either
because of the distances involved or because of environmental problems and booster
stations are not practical. In these situations, trucks become a part of the transportation
system.
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d
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at
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at
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SITE SELECTION
Si
te
se
le
ct
io
n
ha
s
be
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a
co
nt
in
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ng
pr
ob
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m
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th
e
co
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ed
di
sp
os
al
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og
ra
m.
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pr
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ge
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ra
ll
y
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d
to
en
vi
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ta
l
co
nc
er
ns
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M
o
s
t
of
th
e
di
sp
os
al
fa
ci
li
ti
es
ar
e,
fo
r
ec
on
om
ic
re
as
on
s,
lo
ca
te
d
in
or
ne
ar
th
e
wa
te
r,
cl
os
e
to
dr
ed
gi
ng
ar
ea
s.
Po
te
nt
ia
l
ma
ri
ne
si
te
s
ar
e
ea
sy
to
id
en
ti
fy
si
nc
e
th
ey
ar
e,
fo
r
th
e
mo
st
pa
rt
,
pu
bl
ic
ly
ow
ne
d.
Up
la
nd
si
te
s
ha
ve
of
te
n
be
en
pr
ef
er
re
d
fo
r
en
vi
ro
nm
en
ta
l
re
as
on
s,
bu
t
su
ch
si
te
s
ar
e
ha
rd
to
fi
nd
;
ac
ce
ss
is
di
ff
ic
ul
t;
an
d
th
ey
ca
n
be
ex
pe
ns
iv
e.
Ho
we
ve
r,
as
ou
r
ex
pe
ri
en
ce
an
d
th
at
of
th
e
ot
he
r
co
nc
er
ne
d
ag
en
ci
es
gr
ow
s,
tr
ad
eo
ff
s
ha
ve
be
en
de
ve
lo
pe
d
to
fa
ci
li
ta
te
th
e
si
te
se
le
ct
io
n
pr
oc
es
s.
Al
l
co
nc
er
ne
d
ag
en
ci
es
ar
e
in
vo
lv
ed
ea
rl
y
in
si
te
se
le
ct
io
n,
th
ro
ug
h
a
si
te
se
le
ct
io
n
co
mm
it
te
e,
co
mp
os
ed
of
re
pr
es
en
ta
ti
ve
s
fr
om
th
e
U.
S.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
,
U.
S.
Fi
sh
an
d
Wi
ld
li
fe
Se
rv
ic
e,
th
e
lo
ca
l
st
at
es
'
De
pa
rt
me
nt
of
Na
tu
ra
l
Re
so
ur
ce
s
an
d
th
e
Co
rp
s
of
En
gi
ne
er
s.
Pu
bl
ic
wo
rk
sh
op
s
ar
e
em
pl
oy
ed
ex
te
ns
iv
el
y
to
gu
id
e
th
e
se
le
ct
io
n
pr
oc
es
s
an
d
to
ob
ta
in
lo
ca
l
ac
ce
pt
an
ce
of
th
e
se
le
ct
io
n
de
ci
si
on
.
A
ge
ne
ra
l
pr
ob
le
m
in
te
rm
s
of
lo
ca
l
in
vo
lv
em
en
t
is
th
at
no
on
e
wa
nt
s
a
C
D
F
in
hi
s
"b
ac
ky
ar
d"
.
Al
so
,
th
er
e
ha
s
be
en
in
cr
ea
si
ng
op
po
si
ti
on
to
lo
ca
ti
ng
C
D
F
s
in
th
e
wa
te
r;
co
nc
er
ns
ce
nt
er
on
co
nt
am
in
an
ts
en
te
ri
ng
aq
ua
ti
c
or
ga
ni
sm
s
or
dr
in
ki
ng
wa
te
r.
On
ce
si
te
se
le
ct
io
n
ha
s
be
en
co
mp
le
te
d,
th
er
e
ar
e
st
il
l
a
nu
mb
er
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ep
s
pr
io
r
to
co
mp
le
ti
on
of
a
CD
F,
in
cl
ud
in
g
co
mp
le
ti
on
of
en
vi
ro
nm
en
ta
l
do
cu
me
nt
at
io
n,
re
al
es
ta
te
ac
qu
is
it
io
n,
de
si
gn
an
al
ys
is
,
pl
an
s
an
d
sp
ec
if
ic
at
io
ns
,
an
d
aw
ar
d
an
d
co
mp
le
ti
on
of
a
co
nt
ra
ct
.
Th
e
en
ti
re
pr
oc
es
s
is
a
ti
me
—c
on
su
mi
ng
ef
fo
rt
,
re
qu
ir
in
g
ex
te
ns
iv
e
co
or
di
na
-
ti
on
.
In
so
me
ca
se
s,
on
co
nt
ro
ve
rs
ia
l
pr
oj
ec
ts
,
so
me
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th
e
st
ep
s
ma
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be
pe
rf
or
me
d
mo
re
than once.
E
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V
I
R
O
N
M
E
N
T
A
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C
O
N
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E
R
N
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Th
er
e
ar
e
a
nu
mb
er
of
co
mm
on
en
vi
ro
nm
en
ta
l
co
nc
er
ns
in
vo
lv
in
g
th
e
co
ns
tr
uc
ti
on
of
CD
Fs
.
In
di
vi
du
al
co
nc
er
ns
ma
y
va
ry
co
ns
id
er
ab
ly
by
sit
e;
so
me
of
th
e
mo
re
co
mm
on
concerns are listed below.
°
St
ru
ct
ur
al
in
te
gr
it
y —
Th
er
e
is
co
nc
er
n
ov
er
th
e
po
ss
ib
le
ca
ta
st
ro
ph
ic
br
ea
ch
in
g
of
di
ke
s
in
th
e
ma
ri
ne
en
vi
ro
nm
en
t
an
d
th
e
lo
ss
of
co
nt
en
ts
in
to
ad
ja
ce
nt
wa
te
rs
.
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CD
F
s
l
e
a
k
i
n
g
—
T
h
e
r
e
is
c
o
n
c
e
r
n
t
h
a
t
l
o
w
l
e
v
e
l
s
o
f
c
o
n
t
a
m
i
n
a
n
t
s
b
e
l
o
w
d
e
t
e
c
t
i
o
n
l
i
m
i
t
s
m
a
y
e
s
c
a
p
e
f
r
o
m
C
D
F
s
a
n
d
h
a
v
e
a
n
a
d
v
e
r
s
e
e
n
v
i
r
o
n
m
e
n
t
a
l
e
f
f
e
c
t
o
n
a
q
u
a
t
i
c
life
o
r
d
r
i
n
k
i
n
g
w
a
t
e
r
s
u
p
p
l
i
e
s
,
if
t
h
e
C
D
F
is
n
e
a
r
a
w
a
t
e
r
i
n
t
a
k
e
p
i
p
e
.
A
q
u
a
t
i
c
life
m
a
y
b
i
o
a
c
c
u
m
u
l
a
t
e
t
h
e
s
e
l
o
w
l
e
v
e
l
c
o
n
t
a
m
i
n
a
n
t
s
a
t
u
n
a
c
c
e
p
t
a
b
l
e
l
e
v
e
l
s
.
T
h
i
s
b
i
o
a
c
c
u
m
u
l
a
t
i
o
n
is
o
f
f
u
r
t
h
e
r
c
o
n
c
e
r
n
b
e
c
a
u
s
e
d
i
k
e
s
a
r
e
a
n
a
t
t
r
a
c
t
i
v
e
h
a
b
i
t
a
t
t
o
fish
a
n
d
i
n
v
e
r
t
e
b
r
a
t
e
s
.
V
o
l
a
t
i
l
i
z
a
t
i
o
n
—
T
h
e
r
e
is
c
o
n
c
e
r
n
t
h
a
t
volatile
c
o
n
t
a
m
i
n
a
n
t
s
e
n
t
e
r
t
h
e
a
t
m
o
s
p
h
e
r
e
f
r
o
m
d
r
e
d
g
e
d
m
a
t
e
r
i
a
l
,
e
s
p
e
c
i
a
l
l
y
in
a
n
u
p
l
a
n
d
site
o
r
w
h
e
n
m
a
t
e
r
i
a
l
is
m
o
u
n
d
e
d
a
b
o
v
e
t
h
e
w
a
t
e
r
line
a
n
d
e
x
p
o
s
e
d
to
t
h
e
a
t
m
o
s
p
h
e
r
e
in
a
C
D
F
.
G
r
o
u
n
d
w
a
t
e
r
c
o
n
t
a
m
i
n
a
t
i
o
n
—
T
h
e
r
e
is
c
o
n
c
e
r
n
,
especially
for
u
p
l
a
n
d
sites,
that
l
c
o
n
t
a
m
i
n
a
n
t
s
f
r
o
m
o
ve
r
l
yi
n
g
d
r
e
d
g
e
m
a
t
e
r
i
a
l
m
a
y
l
e
a
c
h
into
the
g
r
o
u
n
d
w
a
t
e
r
.
;‘
T
h
i
s
situation
is
m
o
s
t
likely
to
o
c
c
u
r
as
m
a
t
e
r
i
a
l
dries
a
n
d
oxidizes;
t
h
e
result—
ing
condition
m
i
g
h
t
lead
to
the
mobilization
of
c
o
n
t
a
m
i
n
a
n
t
s
w
h
i
c
h
w
e
r
e
tightly
i
b
o
u
n
d
to
sediment
particles
(in
a
reducing
environment).
‘
°
Fishing
a
n
d
f
o
o
d
chain
effects
-
T
h
e
r
e
is
c
o
n
c
e
r
n
o
v
e
r
the
p
r
e
s
e
n
c
e
of
fish
in
p
o
n
d
e
d
portions
of
C
D
F
s
and
of
fishing
inside
C
D
F
s
despite
warning
signs.
Likewise,
there
is
concern
over
the
uptake
of
contaminants
inside
the
C
D
F
b
y
plants
or
animals
living
in
the
dredged
material,
a
n
d
of
the
contaminants
being
passed
through
the
food
chain.
These
and
similar
environmental
concerns
must
be
addressed
in
terms
of
any
C
D
F
.
i
Answers
to
these
concerns
have
been
provided
for
existing
CDFs.
Proper
design,
and
long-term
maintenance
and
repairs,
work
to
assure
structural
integrity.
Dikes
have
been
sealed,
with
sand
layers
in
most
cases,
to
reduce
permeability
where
there
has
been
excessive
flow
through
the
dikes.
Sites
have
been
capped
after
filling,
and
vegetation
control
techniques
used,
if
needed,
to
prevent
the
uptake
of
contaminants.
W
h
e
r
e
there
have
been
problems
with
fishing
inside
CDFs,
fish
populations
have
been
reduced
by
the
;
application
of
control
agents.
Furthermore,
the
testing
and
monitoring
of
sediment,
water
}
and
groundwater
during
and
after
the
disposal
of
dredged
material
are
essential
to
ensure
§
that
C
D
F
s
are
operating
effectively.
‘
Continued
research
and
testing
are
being
done
by
the
Corps
of
Engineers
on
the
long
term
effects
of
dredged
material
disposal.
The
U.S.
Environmental
Protection
Agency
and
other
federal
and
state
agencies
are
also
performing
research
on
C
D
F
s
and
their
impacts.
Generally,
Corps
of
Engineers
laboratory
and
field
verification
studies
have
demonstrated
that
containment
of
contaminated
sediments
can
be
effective.
However,
detailed
research
continues,
especially
in
bioassessment
techniques.
The
Water
Resources
Development
Act
of
1988
authorizes
new
testing
and
monitoring
of
CDFs.
 
FUTURE
It
is
now
administrative
policy
to
discontinue
the
use
of
Public
Law
91-611
on
the
Great
Lakes,
on
the
basis
that
it
was
an
interim
program.
A
n
y
further
C
D
F
s
constructed
will
be
authorized
and
funded
under
the
basic
project
authority
for
the
individual
projects,
as
has
been
done
all
along
in
the
rest
of
the
United
States.
Cost
sharing
will
be
in
accordance
with
cost
sharing
measures
for
an
individual.
Currently,
there
are
only
two
sites
still
being
considered
under
PL
91—611,
second
sites
at
Green
Bay
Harbor,
Wisconsin
and
on
the
Saginaw
River,
Michigan.
The
Saginaw
River
C
D
F
is
back
in
the
site
selection
phase
after
the
previous
selected
site
was
found
unacceptable.
 
  
Wo
rk
is
co
nt
in
ui
ng
on
ot
he
r
CD
Fs
un
de
r p
ro
je
ct
aut
ho
ri
ti
es
.
So
me
of
th
e p
ro
je
ct
s
be
in
g
wo
rk
ed
on
ar
e
As
ht
ab
ul
a,
Cl
ev
el
an
d
an
d
To
le
do
,
Oh
io
;
In
di
an
a
Ha
rb
or
,
In
di
an
a
an
d
Wa
uk
eg
an
Ha
rb
or
, I
lli
noi
s.
Th
e n
ew
To
le
do
Ha
rb
or
CD
F
is
the
clo
ses
t t
o t
he
con
str
uct
ion
ph
as
e.
It
sh
ou
ld
be
no
te
d
th
at
th
e
sit
es
be
in
g c
on
st
ru
ct
ed
th
at
do
no
t a
lr
ea
dy
ha
ve
a C
DF
in
pl
ac
e,
ge
ne
ra
ll
y
in
cl
ud
e h
ig
hl
y c
on
ta
mi
na
te
d
se
di
me
nt
s,
in
cl
ud
in
g m
at
er
ia
l
cl
as
si
fi
ed
as
tox
ic.
Co
ns
id
er
ab
le
pla
nni
ng
for
han
dli
ng
su
ch
mat
eri
al
has
ta
ke
n p
lac
e,
al
th
ou
gh
app
rov
al
fo
r C
DF
co
ns
tr
uc
ti
on
fo
r i
t h
as
no
t
be
en
ob
ta
in
ed
.
St
ud
ie
s o
n h
an
dl
in
g
thi
s m
at
er
ia
l
ar
e
co
nt
in
ui
ng
an
d d
es
ig
n i
s p
ro
ce
ed
in
g,
es
pe
ci
al
ly
at
As
ht
ab
ul
a
Ha
rb
or
,
In
di
an
a H
ar
bo
r
an
d
Waukegan Harbor.
Al
te
rn
at
iv
e
te
ch
no
lo
gi
es
ar
e
be
in
g r
ev
ie
we
d
as
pa
rt
of
th
is
de
si
gn
ef
fo
rt
,
bu
t
to
da
te
te
ch
ni
ca
ll
y f
ea
si
bl
e,
co
st
ef
fe
ct
iv
e
me
an
s
of
di
sp
os
al
on
a
la
rg
e s
ca
le
ha
ve
no
t
be
en
available.
SUMMARY
CD
F
co
ns
tr
uc
ti
on
on
th
e
Gr
ea
t
La
ke
s
is
ex
pe
ct
ed
to
co
nt
in
ue
as
a
vi
ab
le
op
ti
on
fo
r
th
e
di
sp
os
al
of
dr
ed
ge
d
ma
te
ri
al
fr
om
na
vi
ga
ti
on
pr
oj
ec
ts
,
al
th
ou
gh
on
a
mo
re
li
mi
te
d
ba
si
s,
as
lo
ng
te
rm
ma
na
ge
me
nt
st
ra
te
gi
es
ar
e
de
ve
lo
pe
d
on
th
e
Gr
ea
t
La
ke
s.
Fu
tu
re
CD
Fs
wi
ll
li
ke
ly
be
la
rg
er
as
un
de
r
pr
oj
ec
t
au
th
or
it
ie
s
th
er
e
is
no
10
—y
ea
r
li
mi
t o
n
ca
pa
ci
ty
as
th
er
e
wa
s
un
de
r
PL
91
-6
11
.
Ec
on
om
ie
s
of
sc
al
e
ca
n
be
re
al
iz
ed
an
d
th
e
pr
oc
es
s
wi
ll
no
t
re
qu
ir
e
re
pe
at
in
g
ev
er
y
te
n
ye
ar
s.
In
ad
di
ti
on
,
th
e
lif
e o
f
ex
is
ti
ng
CD
Fs
wi
ll
be
ex
te
nd
ed
as
mu
ch
as
po
ss
ib
le
by
ca
re
fu
l
ma
na
ge
me
nt
,
in
cl
ud
in
g
co
ns
ol
id
at
io
n
an
d
reuse of material, where possible.
Wi
th
ca
re
fu
l
de
si
gn
, a
pp
ro
pr
ia
te
te
st
in
g a
nd
mo
ni
to
ri
ng
,
an
d p
la
nn
ed
lo
ng
te
rm
ma
in
te
na
nc
e,
co
nf
in
ed
di
sp
os
al
fac
ili
tie
s a
re
co
ns
id
er
ed
to
be
a v
ia
bl
e o
pt
io
n
fo
r A
re
as
of
Co
nc
er
n
as
th
e
ma
te
ri
al
of
co
nc
er
n,
in
ma
ny
ca
se
s,
wil
l b
e
si
mi
la
r t
o t
he
ma
te
ri
al
wh
ic
h i
s
dr
ed
ge
d
an
d
di
sp
os
ed
of
fo
r t
he
pu
rp
os
es
of
na
vi
ga
ti
on
.
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 C
H
A
I
R
M
A
N
'
S
S
U
M
M
A
R
Y
—
P
A
R
T
I
T
h
e
o
n
l
y
p
r
o
v
e
n
t
e
c
h
n
o
l
o
g
y
f
o
r
r
e
m
e
d
i
a
t
i
n
g
o
r
m
i
t
i
g
a
t
i
n
g
p
r
o
b
l
e
m
s
a
s
s
o
c
i
a
t
e
d
w
i
t
h
c
o
n
t
a
m
i
n
a
t
e
d
s
e
d
i
m
e
n
t
s
in
t
h
e
G
r
e
a
t
L
a
k
e
s
is
d
r
e
d
g
i
n
g
a
n
d
t
h
e
d
i
s
p
o
s
a
l
o
f
t
h
e
entire
v
o
l
u
m
e
o
f
m
a
t
e
r
i
a
l
in
c
o
n
f
i
n
e
d
d
i
s
p
o
s
a
l
facilities
(
C
D
F
s
)
.
O
u
r
e
x
p
e
r
i
e
n
c
e
w
i
t
h
this
t
e
c
h
n
o
l
o
g
y
h
a
s
b
e
e
n
g
a
i
n
e
d
solely
f
r
o
m
its
application
to
navigational
r
e
q
ui
r
e
m
e
n
t
s
.
In
all
cases,
material
h
a
d
to
be
r
e
m
o
v
e
d
a
n
d
relocated.
Criteria
for
d
e
t
e
r
m
i
n
i
n
g
t
h
e
suitability
o
f
c
o
n
t
a
m
i
n
a
t
e
d
s
e
d
i
m
e
n
t
s
for
u
p
l
a
n
d
r
e
us
e
or
s
e
c
u
r
e
c
o
n
f
i
n
e
m
e
n
t
a
r
e
still
b
e
i
n
g
d
e
v
e
l
o
p
e
d
.
Also,
t
h
e
r
e
r
e
m
a
i
n
a
n
u
m
b
e
r
o
f
e
n
v
i
r
o
n
m
e
n
t
a
l
c
o
n
c
e
r
n
s
,
s
u
c
h
as
t
h
e
m
o
b
i
l
i
t
y
a
n
d
biological
u
p
t
a
k
e
o
f
t
h
e
s
e
d
i
m
e
n
t
-
associated
c
o
n
t
a
m
i
n
a
n
t
s
,
w
h
i
c
h
n
e
e
d
to
b
e
addressed.
In
addition
to
the
environ-
mental
concerns,
there
are
a
n
u
m
b
e
r
of
technological
considerations
which
require
further
investigation,
s
u
c
h
as
the
up
l
a
n
d
transport
of
large
v
o
l
u
m
e
s
of
s
e
d
i
m
e
n
t
slurries,
as
well
as
the
c
h
o
i
c
e
of
suitable
locations
wi
t
h
sufficient
disposal
capacity.
B
a
s
e
d
o
n
our
limited
k
n
o
w
l
e
d
g
e
of
impacts,
engineering,
transportation
and
the
costs
involved,
the
consensus
w
a
s
that
extensive
use
of
this
disposal
technique
could
not
be
recommended.
The
disposal
technique
(for
contaminated
sediments)
for
which
we
have
both
experience
and
some
confidence
is
the
use
of
shore-based
CDFs.
However,
our
present
information
on
the
acceptability
(based
on
biological
effects)
of
C
D
F
s
as
long
term
isolation
mechanisms
is
inadequate.
In
addition,
the
proposed
use
of
C
D
F
s
for
non—navigationally
dredged
material
will
require
the
construction
of
a
number
of
new
and
large
facilities.
N
e
w
facilities
are
required
due
to
the
large
volumes
of
material
involved
and
also
due
to
the
legal
restriction
on
the
use
of
existing
CDFs
for
navigational
purposes.
The
construction
of
these
facilities
will
have
impacts
on
existing
wetland
and
littoral
zone
areas
as
well
as
human
and
societal
implications
expressed
in
the
N
I
M
B
Y
or
"not
in
m
y
back
yard"
syndrome.
 
Participants
agreed
that
the
use
of
CDFs
should
be
only
an
interim
measure
and
that
a
long—term
management
plan
was
required.
It
was
apparent
that
source
control
and
an
adequate
assessment
or
definition
of the
problem
are
the
first
steps
required.
These
steps
should
be
followed
by
an
assessment
and
evaluation
of
the
proposed
solutions.
These
assessments
need
to
go
beyond
the
realm
of
bulk
chemical
analysis
into the
area
of biological effects.
While
an
adequate
assessment
can
be
expensive,
it will
ultimately
save
money.
First,
assess
the
problem;
then
and
only
then,
fix
it.
 
E
d
i
t
o
r
'
s
N
o
t
e
:
information
on
the
location,
size
and
environmental
inputs of
CDFs
in the
Canadian
p
o
r
t
i
o
n
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
.
Dobos,
R.,
S.
Painter
and
A.
Mudroch.
1990.
Contaminants
in vegetation
and
sediments
Dobos, R., S. Painter and A. Mudroch.
1990. Contaminants in wildlife utilizing confined
Recently, Environment
Canada has released two reports which provide further
disposed in confined disposal facilities on the Canadian Great Lakes. NWRI Report.
disposal
facilities.
N
W
R
I
Report.
'
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N
T
A
M
I
N
A
T
E
D
S
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D
I
M
E
N
T
I
N
T
H
E
H
U
D
S
O
N
R
I
V
E
R
,
N
E
W
Y
O
R
K
by
M
P
.
B
r
o
w
n
,
R
.
S
l
o
a
n
,
R
.
M
t
.
P
l
e
a
s
a
n
t
a
n
d
C
.
J
a
m
e
s
N
e
w
Y
o
r
k
S
t
a
t
e
D
e
p
a
r
t
m
e
n
t
o
f
E
n
v
i
r
o
n
m
e
n
t
a
l
C
o
n
s
e
r
v
a
t
i
o
n
ABSTRAQT
P
C
B
s
d
i
s
c
h
a
r
g
e
d
b
y
t
w
o
c
a
p
a
c
i
t
o
r
f
a
c
t
o
r
i
e
s
c
o
n
t
a
m
i
n
a
t
e
t
h
e
w
a
t
e
r
,
s
e
d
i
m
e
n
t
a
n
d
b
i
o
t
a
t
h
r
o
u
g
h
o
u
t
a
2
0
0
m
i
l
e
(
3
2
0
k
m
)
s
e
c
t
i
o
n
o
f
t
h
e
H
u
d
s
o
n
R
i
ve
r
.
L
a
r
g
e
—
s
c
a
l
e
s
u
r
v
e
y
i
n
g
a
n
d
m
o
n
i
t
o
r
i
n
g
p
r
o
g
r
a
m
s
w
e
r
e
b
e
g
u
n
in
t
h
e
m
i
d
-
1
9
7
0
5
t
o
d
e
t
e
r
m
i
n
e
t
h
e
e
x
t
e
n
t
o
f
c
o
n
t
a
m
-
ination
a
n
d
to
assist
in
t
h
e
d
e
v
e
l
o
p
m
e
n
t
a
n
d
p
l
a
n
n
i
n
g
o
f
r
e
m
e
d
i
a
l
options.
R
e
m
e
d
i
a
l
activities,
i
n
c
l
ud
i
n
g
t
h
e
e
l
i
m
i
n
a
t
i
o
n
o
f
t
h
e
d
i
s
c
h
a
r
g
e
a
n
d
t
h
e
r
e
m
o
v
a
l
a
n
d
stabilization
o
f
c
o
n
t
a
m
i
n
a
t
e
d
river
b
a
n
k
a
n
d
river
b
e
d
s
e
d
i
m
e
n
t
deposits,
p
r
o
d
u
c
e
d
a
d
r
a
m
a
t
i
c
decline
in
P
C
B
levels
in
fish,
w
a
t
e
r
a
n
d
surficial
s
e
d
i
m
e
n
t
b
e
t
w
e
e
n
1977
a
n
d
1981.
Subsequently,
P
C
B
levels
in
fish,
w
h
i
c
h
r
e
m
a
i
n
the
i
m
p
e
t
u
s
for
remediation,
h
a
v
e
declined
at
a
m
u
c
h
slower
rate
a
n
d
persist
at
unacceptably
high
levels.
T
h
e
release
and
d
o
w
n
s
t
r
e
a
m
trans—
port
of
P
C
B
s
f
r
o
m
the
b
e
d
of
the
u
p
p
e
r
H
u
d
s
o
n
River,
particularly
in
the
region
of
the
f
o
r
m
e
r
industrial
discharge,
sustains
the
c
o
n
t
a
m
i
n
a
t
i
o
n
of
the
fishery.
 
S
e
d
i
m
e
n
t
r
e
m
o
v
a
l
w
a
s
selected
as
the
remedial
approach
in
the
late
1970s.
T
h
e
original
scope
of
the
remedial
project
included
the
dredging
and
landfilling
of
1.5
million
cubic
yards
(2
million
m
3
)
of
river
sediment
along
with
contaminated
river
bank
deposits
and
dredge
spoil
sites
in
a
facility
designed
to
a
c
c
o
m
m
o
d
a
t
e
2.3
million
cubic
yards
(3
million
m3)
of
material.
Because
of
funding
limitations
and
the
requirement
that
disposal
be
done
in
a
hazardous
waste
landfill,
the
scope
of
proposed
remedial
activities
n
o
w
includes
the
dredging
and
disposal
of
380,000
cubic
yards
(497,000
m3)
of
river
sediment
and
the
removal
of
the
river
bank
deposits.
This
procedure
will
replace
in—place
containment,
if
pending
permits
for
the
hazardous
waste
landfill
are
approved.
The
selection
of
the
general
pro'ect
area
was
based
upon
measurements
of
P
C
B
transport.
Within
the
project
area,
sediment
deposits
were
specified
for
removal,
based
on
P
C
B
c
o
n
c
e
n
t
r
a
t
i
o
n
a
n
d
e
r
o
d
i
b
i
l
i
t
y
.
Sediment
removal
was
found
to
be
ineligible
for
support
under
the
Superfund
program.
Funds
for
dredging
and
landfill
construction
are
provided
by
the
Clean
Water
Act
and
the
State
of
N
e
w
York.
The
Superfund
program
will
remediate
the
contaminated
river
bank
deposits.
The
P
C
B
Reclamation
Demonstration
Project
is
scheduled
for
completion
in
1991.
The
major
obstacle
to
completion
of
the
project
has
been
public
opposition
to
the
siting
of
the
hazardous
waste
landfill.
Related
issues
include
the
availability
of
detoxification
technology
and
project
effectiveness.
MANUSC RIPT UNAVAILABLE
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C
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R
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T
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O
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R
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A
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O
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E
S
 
by
R.A. McGrath
B
a
t
t
e
l
l
e
O
c
e
a
n
S
c
i
e
n
c
e
s
T
h
e
Ac
us
hn
et
Ri
ve
r
es
tu
ar
y
an
d
ad
ja
ce
nt
ar
ea
s
of
N
e
w
Be
df
or
d
H
a
r
b
o
r
a
n
d
B
uz
za
r
d
s
Ba
y,
Ma
ss
ac
hu
se
tt
s,
ar
e
se
ve
re
ly
c
o
n
t
a
m
i
n
a
t
e
d
wi
th
po
ly
ch
lo
ri
na
te
d
bi
ph
en
yl
s
(P
CB
s)
,
th
ou
gh
t
to
be
de
ri
ve
d
f
r
o
m
el
ec
tr
ic
al
c
o
m
p
o
n
e
n
t
ma
nu
fa
ct
ur
in
g
in
th
e
ar
ea
f
r
o
m
a
p
p
r
o
x—
im
at
el
y
19
45
to
19
76
.
T
h
e
pr
ob
le
m
wa
s
fi
rs
t
id
en
ti
fi
ed
in
th
e
la
te
19
70
5
du
ri
ng
ro
ut
in
e
mo
ni
to
ri
ng
of
co
nt
am
in
an
t
le
ve
ls
in
co
mm
er
ci
al
fi
sh
er
y
sp
ec
ie
s
by
th
e
Ma
ss
ac
hu
se
tt
s
Di
vi
si
on
of
Ma
ri
ne
Fi
sh
er
ie
s,
an
d
th
e
si
te
wa
s
su
bs
eq
ue
nt
ly
ad
de
d
to
th
e
Na
ti
on
al
Pr
io
ri
ty
Li
st
as
on
e
of
th
e
fe
w
es
tu
ar
in
e
Su
pe
rf
un
d
si
te
s.
Af
te
r
de
si
gn
at
io
n,
se
ve
ra
l
su
rv
ey
s
of
th
e
ha
rb
or
we
re
co
nd
uc
te
d
to
de
li
ne
at
e
an
d
qu
an
ti
fy
th
e
ex
te
nt
of
th
e
co
nt
am
in
at
io
n
an
d
to
pr
ov
id
e
da
ta
fo
r
th
e
Re
me
di
al
In
ve
st
ig
at
io
n/
Fe
as
ib
il
it
y
St
ud
y
(R
I/
FS
).
Se
di
me
nt
s
co
nt
ai
ni
ng
PC
Bs
in
co
nc
en
tr
at
io
ns
ex
ce
ed
in
g
th
e
fe
de
ra
l
wa
st
e
cr
it
er
io
n
of
50
pa
rt
s
pe
r
mi
ll
io
n (
pp
m)
ar
e
wi
de
ly
di
st
ri
bu
te
d
in
th
e
ha
rb
or
;
th
e
ma
jo
r
ar
ea
of
co
nt
am
—
in
at
io
n
is
id
en
ti
fi
ed
as
a
"h
ot
sp
ot
"
of
ap
pr
ox
im
at
el
y
16
,0
00
m2
(4
ac
re
s)
wi
th
PC
B
le
ve
ls
ex
ce
ed
in
g
4,
00
0
pp
m.
Is
ol
at
ed
sa
mp
le
s
ex
ce
ed
in
g
10
0,
00
0
pp
m
ha
ve
be
en
re
po
rt
ed
fr
om
thi
s a
re
a.
Ac
ti
ng
as
a
so
ur
ce
of
PC
Bs
fo
r t
he
re
st
of
th
e
ha
rb
or
an
d
ba
y
sy
st
em
,
th
es
e
co
nt
am
in
at
ed
se
di
me
nt
s r
esu
lt
in
PC
B
co
nc
en
tr
at
io
ns
in
th
e
ov
er
ly
in
g w
at
er
ex
ce
ed
in
g
1,0
00
ng
/L
(pa
rts
per
tri
lli
on
or
ppt
) a
t t
he
hot
spo
t a
nd
in
exc
es
s o
f t
he
30
pp
t f
ede
ral
gui
del
ine
thr
oug
hou
t m
ost
of
the
res
t o
f t
he
har
bor
.
The
PC
Bs
are
con
cen
tra
ted
by
the
loc
al
bio
ta
to
lev
els
abo
ve
the
U.S
. F
ood
and
Dru
g A
dmi
nis
tra
tio
n (
FDA
) g
uid
eli
ne
of
2 p
pm
for
edi
ble
tiss
ue.
In t
he
abs
enc
e o
f f
ish
ing
res
tri
cti
ons
for
the
las
t d
eca
de,
the
inge
stio
n of
loca
l fi
sh a
nd s
hell
fish
wou
ld p
roba
bly
cons
titu
te t
he m
ajo
r ro
ute
for
hum
an
exposure.
Because of the technical and logistic complexity of the New Bedford problem, the
sele
ctio
n of
appr
opri
ate r
emed
ial
acti
on is
diffi
cult,
part
icul
arly
in vi
ew o
f th
e si
gnif
ican
t
potential for resuspension and accelerated transport of contaminated sediments during
remediation. As an integral part of the Superfund Rl/FS, linked mathematical models for
hydrodynamic/sediment transport and food—chain transport, respectively, are being used to
evaluate remedial action alternatives as compared with the no—action case.
The physical/chemical transport and fate of PCBs and three heavy metals in the New
Bedford Harbor/Buzzards Bay system are being modeled by the time—varying three—
dimensional model FLESCOT, developed by Battelle Pacific Northwest Laboratories. The
model 15 being used to predict the distribution of PCBs and metals dissolved in the water
column, sorbed to suspended sediments, and in bed sediments. The WASTOX model code,
developed by HydroQual, Inc., is using the output of the FLESCOT model and the age/
Size-dependent bioenergetics of typical food-chain members to predict the movement of
contaminants through key components of the food chain, culminating in lobster and winter
flounder, the spec1es of most importance for human exposure.
calibration of the models was completed in the late summer of 1988 following
approxtmately four years of field sampling and analysis, and application of the models to
the evaluation of remedial alternatives has recently been initiated. Preliminary results
confirm'that the modeling approach is a valuable tool for comparative evaluation
of
alternatives. However, development of such a complex model requires time and resources
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 that
may
be
available
only
at
the
largest
sites.
Even
when
the
resources
are
available,
managers
must
carefully
evaluate
the
ultimate
purposesof
the
modeling
and
undertake
only
the
minimum
effort
consistent
with
those
goals.
Focus
on
the
objectives
throughout
the project is necessary to ensure cost effectiveness.
The
degree
of
sophistication
available
through
the
N
e
w
Bedford
Harbor
models
is
unprecedented
in
this
type
of
investigation.
Although
originally
conceived
strictly
as
a
means
of
evaluating
several
remedial
alternatives,
the
models
and
their
supporting
data
development
tasks
have
evolved
into both
a
pragmatic
solution
to the
unique
problem
at
New
Bedford
and
an
investigation
into
the practical
limits
of
modeling
as
a
tool in
remedial
investigations.
As
a
result,
the
complex
refinements
incorporated
into
the
models,
primarily
the
physical/chemical
model,
will
probably
exceed
the
minimum
necessary
to
support
a
choice
among
the
practical
remedial
options.
Although
some
of
these
approaches,
such
as
modeling
by
level-of-chlorination
homolog
and
determining
site-specific adsorption/desorption
analytical
methodology,
may
ultimately
prove
to be
unnecessary
for
the
evaluation
of
remedial
alternatives,
they
will
serve
as a valuable
guide
for similar programs
in the
future.
To
ensure cost—effective—
ness,
however,
future
investigations
must
define
their objectives
carefully
and
select
the
minimum
level of
modeling
sophistication consistent
with
those
objectives.
MANUSCRIPT UNAVAILABLE
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INTRQDUCTIQN
New
Bed
for
d Ha
rbo
r is
an u
rba
n ti
dal
estu
ary
loca
ted
at t
he h
ead
of B
uzz
ard
s B
ay
in
sou
the
ast
ern
Mas
sac
hus
ett
s.
The
har
bor
is t
he
hom
e p
ort
of o
ne
of
the
lar
ges
t c
omm
erc
ial
fishing fleets in the United States. Industrial process wastes containing polychlorinated
biphenyls (PCBs) used in the manufacture of electronic components were discharged into
the harbor from the late 19405 to the late 19705. Field studies conducted over the last
decade show PCB concentrations in the marine sediments over a 4,000,000 m2 area (980
acres) to range from a few milligrams per kilogram to over 100,000 mg/kg. Water column
concentrations of PCBs have been found in excess of federal water quality criteria (30
parts per trillion) and fish/shellfish concentrations of PCBs have been found in excess of
ghe US. Food and Drug Administration guideline (2 mg/kg) for edible tissue. In addition to
_ CBs, heavy metals (notably cadmium, copper and lead) have been found in the sediments
in concentrations ranging from a few mg/kg to over 5,000 mg/kg. As a result of the
widespread contamination, New Bedford Ha bo
Nat
ion
al
Pri
ori
ty L
ist
in 1
982
.
r
r w
as
add
ed
to
the
US
EP
A S
upe
rfu
nd
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 A FS is currently being conducted for New Bedford Harbor under the USEPA
Superfund program. The goal of this study is to present the EPA with remedial
alternatives which address the cleanup of PCBs and metals in New Bedford Harbor. The
FS is being conducted in accordance with EPA CERCLA PS Guidelines (USEPA OSWER
1988), the National Contingency Plan, and the Superfund Amendments and Reauthorization
Act (SARA) of 1986.
 
Remedial technologies or response actions are the basic components of remedial
alternatives. Technologies are combined to form alternatives that provide a complete
solution to address the site problem and to achieve cleanup objectives. For example, a
remedial alternative might consist of the following response actions: removal of
contaminated sediment by dredging; destruction of the contaminants in the sediment by
incineration; and disposal of the treated residue in a land disposal facility.
The remedial alternatives are being evaluated, using three basic criteria:
effectiveness, implementation and cost. Effectiveness is being assessed by the degree of
permanence which the alternative achieves, compliance with federal and state regulations,
and short-term and long—term risks to human health and the environment. Implementation
is being assessed on the technical, institutional and operational feasibility of installing,
monitoring and maintaining the remedial alternative. Cost estimates are based on direct
and indirect capital costs, and operation and maintenance expenses.
The size and complexity of the New Bedford Harbor Superfund site and the
commensurate potential costs of cleanup have necessitated the incorporation of bench—
and pilot-scale studies into the F5 in order to better define the applicability and
anticipated performance of response actions that comprise the remedial alternatives being
considered for New Bedford Harbor.
ITE AND WA TE NDITI N AT NEW BEDF RD HARB R
The New Bedford Harbor FS is divided into three geographical study areas: the Hot
Spot, the Acushnet River Estuary, and the Lower Harbor and Upper Buzzards Bay
(Figure 1).
The Hot Spot is an area of approximately 4 acres, located along the western bank of
the Acushnet River, directly adjacent to the Aerovox Corporation facility. The water
bottom slopes gently from the shoreline towards the center of the river channel. Low tide
exposes much of the Hot Spot area as mudflats. Mean low water depths range from -l.6
to 2.2 feet (—0.49 to 0.67 m).
Sediment—PCB concentrations in this area range from 4,000
ppm to over 100,000 ppm. Sediment-metals (cadmium, copper and lead) concentrations
range from below detection to approximately 4,000 ppm. Potential sediment volumes
requiring remediation range from 10,000 to 15,000 cubic yards (7,646 to 11,469 m3).
 
The Acushnet River Estuary is an area of approximately 200 acres (81 hectares -
excluding the Hot
Spot), extending from
the Wood
Street Bridge on the north to the
Coggeshall Street Bridge on the south. Water depths in the estuary vary considerably,
ranging from
18 feet at the Coggeshall Street Bridge to 2 feet at the estuary head.
Sedlment-PCB concentrations in this area range from below detection to approximately
5,000 ppm.
Sediment—metals concentrations range from
below detection to Over 7,000
Ppm. Potential sediment volumes requiring remediation (based on the final target level of
residual PCBs left in the estuary) range from
600,000 to 1,200,000 cubic yards (458,760 to
1 million m3).
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e
n
t
r
e
m
o
v
a
l
a
n
d
d
i
s
p
o
s
a
l
(
i
m
p
l
e
m
e
n
t
a
t
i
o
n
)
,
b
u
t
t
h
e
p
o
t
e
n
t
i
a
l
a
d
v
e
r
s
e
i
m
p
a
c
t
s
o
n
t
h
e
e
n
v
i
r
o
n
m
e
n
t
b
e
c
a
u
s
e
o
f
t
h
e
r
e
l
e
a
s
e
o
r
m
i
g
r
a
t
i
o
n
o
f
P
C
B
s
a
n
d
m
e
t
a
l
s
d
u
r
i
n
g
t
h
e
r
e
m
o
v
a
l
o
p
e
r
a
t
i
o
n
s
a
n
d
f
r
o
m
t
h
e
d
i
s
p
o
s
a
l
f
a
c
i
l
i
t
y
(
e
f
f
e
c
t
i
v
e
n
e
s
s
)
.
 
I
n
f
o
r
m
a
t
i
o
n
a
n
d
d
a
t
a
o
n
s
e
d
i
m
e
n
t
r
e
m
o
v
a
l
a
n
d
d
i
s
p
o
s
a
l
is
b
e
i
n
g
g
e
n
e
r
a
t
e
d
a
n
d
a
n
a
l
y
z
e
d
b
y
t
h
e
U
.
S
.
A
r
m
y
C
o
r
p
s
o
f
E
n
g
i
n
e
e
r
s
(
U
S
A
C
E
)
a
s
p
a
r
t
o
f
t
h
e
i
r
E
n
g
i
n
e
e
r
i
n
gF
e
a
s
i
b
i
l
i
t
y
S
t
u
d
y
(
E
F
S
)
o
f
D
r
e
d
g
i
n
g
a
n
d
D
r
e
d
g
e
d
M
a
t
e
r
i
a
l
D
i
s
p
o
s
a
l
A
l
t
e
r
n
a
t
i
v
e
s
f
o
r
N
e
w
B
e
d
f
o
r
d
H
a
r
b
o
r
.
A
n
o
v
e
r
v
i
e
w
o
f
t
h
e
E
F
S
h
a
s
b
e
e
n
d
e
s
c
r
i
b
e
d
b
y
A
v
e
r
e
t
t
a
n
d
F
r
a
n
c
i
n
g
u
e
s
(
1
9
8
8
)
.
B
e
n
c
h
-
s
c
a
l
e
a
n
d
l
a
b
o
r
a
t
o
r
y
-
s
c
a
l
e
s
t
u
d
i
e
s
c
o
n
d
u
c
t
e
d
f
o
r
t
h
e
E
F
S
i
n
c
l
u
d
e
:
n
u
m
e
r
i
c
a
l
m
o
d
e
l
i
n
g
o
f
s
e
d
i
m
e
n
t
a
n
d
c
o
n
t
a
m
i
n
a
n
t
t
r
a
n
s
p
o
r
t
d
u
r
i
n
g
d
r
e
d
g
i
n
g
;
s
t
u
d
i
e
s
o
fe
s
t
u
a
r
y
s
e
d
i
m
e
n
t
c
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
,
l
e
a
c
h
a
t
e
a
n
d
s
u
r
f
a
c
e
r
u
n
o
f
f
f
r
o
m
c
o
n
f
i
n
e
d
d
i
s
p
o
s
a
l
f
a
c
t
l
i
t
i
e
s
(
C
D
F
s
)
,
s
u
b
a
q
u
e
o
u
s
c
a
p
p
i
n
g
,
s
o
l
i
d
i
f
i
c
a
t
i
o
n
/
s
t
a
b
i
l
i
z
a
t
i
o
n
t
e
c
h
n
o
l
o
g
i
e
s
a
n
d
s
e
t
t
l
i
n
g
a
n
d
c
h
e
m
i
c
a
l
c
l
a
r
i
f
i
c
a
t
i
o
n
;
a
n
d
c
o
n
c
e
p
t
u
a
l
d
e
s
i
g
n
s
o
f
C
D
F
s
a
n
d
c
o
n
f
i
n
e
d
a
q
u
a
t
i
c
d
i
s
p
o
s
a
l
(
C
A
D
)
a
r
e
a
s
.
T
h
e
r
e
s
u
l
t
s
o
f
t
h
e
E
F
S
a
r
e
c
u
r
r
e
n
t
l
y
b
e
i
n
g
p
u
b
l
i
s
h
e
d
a
s
a
s
e
r
i
e
s
o
f
t
w
e
l
v
e
t
e
c
h
n
i
c
a
l
r
e
p
o
r
t
s
(
U
S
A
C
E
)
.
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In
ad
di
ti
on
to
th
e
be
nc
h—
an
d
la
bo
ra
to
ry
—s
ca
le
st
ud
ie
s,
th
e
U
S
A
C
E
is
at
pr
es
en
t
co
nd
uc
ti
ng
a
pi
lo
t—
sc
al
e
st
ud
y
of
dr
ed
gi
ng
an
d
di
sp
os
al
of
a
sm
al
l
vo
lu
me
(a
pp
ro
xi
ma
te
ly
10
,0
00
cu
bi
c
ya
rd
s
or
7,
64
6
m3
)
of
co
nt
am
in
at
ed
se
di
me
nt
.
A
n
ov
er
vi
ew
of
th
is
pi
lo
t
st
ud
y
ha
s
be
en
de
sc
ri
be
d
by
Ot
is
an
d
Av
er
et
t
(I
98
8)
.
Th
e
pi
lo
t
st
ud
y,
lo
ca
te
d
in
a
sm
al
l
co
ve
in
th
e
up
pe
r
Ac
us
hn
et
Ri
ve
r
Es
tu
ar
y,
ha
s
be
en
de
si
gn
ed
to
ev
al
ua
te
th
re
e
dr
ed
ge
s
an
d
tw
o
di
sp
os
al
te
ch
no
lo
gi
es
.
Co
nt
am
in
at
ed
se
di
me
nt
s
ar
e
be
in
g
dr
ed
ge
d,
us
in
g
a
mu
dc
at
,
a
cu
tt
er
he
ad
an
d
a
ma
tc
hb
ox
dr
ed
ge
.
Th
e
se
di
me
nt
s
ar
e
be
in
g
de
po
si
te
d
in
a
sh
or
el
in
e
C
D
F
an
d
in
a
CA
D,
bo
th
lo
ca
te
d
in
th
e
im
me
di
at
e
vi
ci
ni
ty
of
th
e
dr
ed
gi
ng
op
er
at
io
n.
Co
nc
ur
re
nt
wi
th
th
e
U
S
A
C
E
dr
ed
gi
ng
op
er
at
io
ns
,
aq
ua
ti
c
an
d
ai
r
mo
ni
to
ri
ng
pr
og
ra
ms
ar
e
be
in
g
co
nd
uc
te
d.
Th
es
e
pr
og
ra
ms
wi
ll
pr
ov
id
e
da
ta
to
ev
al
ua
te
th
e
ef
fe
ct
iv
en
es
s
of
th
e
dr
ed
gi
ng
an
d
di
sp
os
al
op
er
at
io
ns
an
d
of
th
e
pr
ot
ec
ti
on
af
fo
rd
ed
ma
ri
ne
re
so
ur
ce
s
an
d
pu
bl
ic
he
al
th
.
Th
e
aq
ua
ti
c
mo
ni
to
ri
ng
is
be
in
g
co
nd
uc
te
d
by
th
e
US
E
P
A
En
vi
ro
nm
en
ta
l
Re
se
ar
ch
La
bo
ra
to
ry
(N
ar
ra
ga
ns
et
t,
Rh
od
e
Is
la
nd
).
Ai
r
mo
ni
to
ri
ng
,
as
it
re
la
te
s
to
h
um
a
n
he
al
th
,
is
be
in
g
co
nd
uc
te
d
by
Eb
as
co
Se
rv
ic
es
.
A
n
ov
er
vi
ew
of
th
e
mo
ni
to
ri
ng
pr
og
ra
m
ha
s
be
en
de
sc
ri
be
d
el
se
wh
er
e
(P
he
lp
s
et
a1
.
19
88
).
Th
e
re
su
lt
s
of
th
e
pi
lo
t
dr
ed
gi
ng
st
ud
y,
wh
ic
h
ar
e
ex
pe
ct
ed
to
be
co
me
av
ai
la
bl
e
in
th
e
sp
ri
ng
of
19
89
,
ar
e
an
im
po
rt
an
t
pa
rt
of
th
e
N
e
w
Be
df
or
d
Ha
rb
or
FS
an
d
wi
ll
be
us
ed
to
determine:
0
Th
e
ef
fi
ci
en
cy
of
th
e
th
re
e
dr
ed
ge
s
in
re
mo
vi
ng
PC
B—
co
nt
am
in
at
ed
se
di
me
nt
o
Th
e
de
gr
ee
of
se
di
me
nt
re
su
sp
en
si
on
an
d
co
nt
am
in
an
t
re
le
as
e
du
ri
ng
co
ns
tr
uc
ti
on
,
dr
ed
gi
ng
an
d
di
sp
os
al
op
er
at
io
ns
0
Th
e
fe
as
ib
il
it
y
an
d
ef
fe
ct
iv
en
es
s
of
co
nt
am
in
at
ed
se
di
me
nt
di
sp
os
al
in
CD
Fs
an
d
CADs
0
Ac
tu
al
co
st
da
ta
fo
r
dr
ed
gi
ng
an
d
di
sp
os
al
op
er
at
io
ns
BE
NC
H—
A
N
D
PI
LO
T—
SC
AL
E
ST
UD
IE
S
OF
TR
EA
TM
EN
T
TE
CH
NO
LO
GI
ES
Cu
rr
en
t
Su
pe
rf
un
d
le
gi
sl
at
io
n
(S
AR
A
19
86
)
em
ph
as
iz
es
a
pr
ef
er
en
ce
fo
r
re
me
di
al
al
te
rn
at
iv
es
th
at
pe
rm
an
en
tl
y
an
d
si
gn
if
ic
an
tl
y
re
du
ce
th
e
mo
bi
li
ty
,
to
xi
ci
ty
or
vo
lu
me
of
ha
za
rd
ou
s
su
bs
ta
nc
es
.
EP
A
di
re
ct
iv
es
re
qu
ir
e
th
e
co
ns
id
er
at
io
n
of
'i
nn
ov
at
iv
e'
or
'a
lt
er
na
ti
ve
'
(a
nd
of
te
n
un
pr
ov
en
)
te
ch
no
lo
gi
es
,
th
at
co
ul
d
be
im
pl
em
en
te
d
to
pr
ov
id
e
be
tt
er
,
mo
re
ef
fe
ct
iv
e
tr
ea
tm
en
t
at
lo
we
r
co
st
th
an
de
mo
ns
tr
at
ed
te
ch
no
lo
gi
es
.
Te
ch
no
lo
gi
es
fo
r t
re
at
in
g h
az
ar
do
us
wa
st
es
fal
l i
nt
o f
ou
r g
en
er
al
ca
te
go
ri
es
:
ph
ysi
ca
l,
ch
em
ic
al
, b
io
lo
gi
ca
l a
nd
th
er
ma
l.
A
su
rv
ey
wa
s
co
nd
uc
te
d
to
co
mp
il
e
all
kn
ow
n
te
ch
-
no
lo
gi
es
in
ea
ch
of
th
e c
at
eg
or
ie
s
be
in
g u
se
d o
r b
ei
ng
co
ns
id
er
ed
in
tr
ea
ti
ng
ha
za
rd
ou
s
wa
st
es
.
Th
e
su
rv
ey
re
su
lt
ed
in
a l
ist
of
ne
ar
ly
60
tr
ea
tm
en
t
te
ch
no
lo
gi
es
. T
en
se
di
me
nt
tr
ea
tm
en
t
te
ch
no
lo
gi
es
an
d
fo
ur
wa
te
r
tr
ea
tm
en
t
te
ch
no
lo
gi
es
we
re
se
le
ct
ed
fr
om
thi
s l
ist
as
be
in
g
ap
pl
ic
ab
le
fo
r t
he
si
te
— a
nd
wa
st
e—
sp
ec
if
ic
ch
ar
ac
te
ri
st
ic
s o
f N
ew
Be
df
or
d
Ha
rb
or
(Fi
gur
e 2
).
Det
ail
s o
f t
he
ide
nti
fic
ati
on,
scr
een
ing
an
d e
val
uat
ion
pr
oc
es
s u
se
d t
o s
ele
ct
th
es
e
tr
ea
tm
en
t
te
ch
no
lo
gi
es
ha
ve
be
en
re
po
rt
ed
el
se
wh
er
e (
Al
le
n a
nd
Ik
al
ai
ne
n,
19
88
;
EC. Jordan/Ebasco, 1987).
De
mo
ns
tr
at
ed
pe
rf
or
ma
nc
e o
n a
ben
ch—
sca
le,
pil
ot—
sca
le,
or
ful
l—s
cal
e w
as
fo
un
d t
o
be
a
ke
y
in
di
ca
to
r o
f
th
e l
eve
l o
f d
ev
el
op
me
nt
fo
r t
he
tr
ea
tm
en
t
te
ch
no
lo
gi
es
co
ns
id
er
ed
for
Ne
w
Be
df
or
d H
ar
bo
r.
Of
the
ten
se
di
me
nt
—P
CB
tr
ea
tm
en
t t
ech
nol
ogi
es,
six
ha
ve
not
be
en
de
mo
ns
tr
at
ed
be
yo
nd
the
ben
ch—
lpi
lot
—sc
ale
.
Th
e
ava
ila
ble
pe
rf
or
ma
nc
e d
at
a f
or
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 these
technologies
l
o
o
k
e
d
p
r
o
m
i
s
i
n
g
for
N
e
w
B
e
d
f
o
r
d
Harbor,
e
v
e
n
t
h
o
ug
h
the
site—
a
n
d
waste—specific
conditions
w
e
r
e
often
dramatically
different
f
r
o
m
N
e
w
Bedford.
Based
on
these
results,
o
n
e
pilot—scale
a
n
d
five
bench-scale
treatment
tests
we
r
e
conducted
to
provide
performance
data
specifically
for
N
e
w
Bedford
Harbor
sediments.
A
brief
description
of
these
treatment
technologies
is
given
below.
Technical
reports
summariz—
ing
the
details
a
n
d
results
of
these
tests
will
b
e
c
o
m
e
available
b
y
the
spring
of
1989.
Solidification
A
b
e
n
c
h
—
s
c
a
l
e
s
t
u
d
y
o
f
solidification/stabilization
w
a
s
c
o
n
d
u
c
t
e
d
b
y
the
U
S
A
C
E
Waterways
Experiment
Station
as
part
of
their
EFS.
Composite
sediment
samples
containing
PCBs
and
metals
were
processed
using
three
solidification/stabilization
technologies:
Portland
cement,
Portland
cement
with
Firmex
proprietary
additive
and
Silicate
Technology
Corporation
proprietary
additive.
The
treated
sediments
were
subjected
to
physical
strength
and
chemical
leach
tests
to
evaluate
the
effectiveness
of
solidification/stabilization.
Solvent Extraction
The
Resource
Conservation
Company
(RCC,
Bellevue,
Washington)
conducted
a
bench-scale
study
of
their
B.E.S.T.
solvent
extraction
process
on
a
sample
of
N
e
w
Bedford
Harbor
sediment.
The
B.E.S.T.
process
employs
the
inverse
miscibility
property
of
the
solvent
triethylamine
(TEA)
to
separate
PCB—contaminated
sediments
into
PCB/oil,
water
and
solids
fractions.
Sediments
containing
PCBs
are
mixed
with
TEA
at
a
temperature
of
about
40°
F
(5°C).
At
this
temperature,
the
TEA
freely
mixes
with
the
water
and
the
PCB/oil
fraction
of
the
sediment
matrix.
After
a'suitable
reaction
period,
the
PCB—free
solids
are
removed
from
the
reaction
mixture
by
centrifugation.
The
remaining
liquid
containing
water,
TEA
and
PCB/oil
is
then
heated
to
150°
F
(66°C).
At
this
elevated
temperature,
the
water
separates
from
the
TEA/PCB/oil
fraction.
The
TEA
solvent
is
recovered
from
the
PCB/oil
fraction
and
reused.
The
PCB/oil
fraction
is disposed
of,
usually by
incineration.
The
B.E.S.T.
process
was
the only
treatment
technology
tested
in
the
New
Bedford
Harbor
program,
which
has
been
developed
beyond
pilot—scale.
In 1984,
RCC
successfully
used
a
100
ton
per
day
(90.7
tonnes)
extraction unit
to remediate
a
Georgia
Superfund
site.
Similar
field operations
are
currently
underway.
Alkali
Metal
Dechlorination
Galson
Research
Corporation (East Syracuse,
New
York) conducted a
bench—scale
study of their
KPEG
process.
In the KPEG
process,
a potassium
hydroxide/polyethylene
glycol (KPEG)
reagent
is mixed
with
PCB—contaminated
sediments to form
a slurry.
The
mixture
is heated,
causing the
dechlorination of PCBs
to biphenyl ether. The
biphenyl
ether end product
is not
acutely toxic, does not
bioaccumulate
and
is not
mutagenic.
Vitrification
 
Battelle Pacific Northwest Laboratories (Richland, Washington) conducted a bench—
scale test of the vitrification of New
Bedford Harbor sediments.
In the vitrification
process, an electric current is applied to molybdenum electrodes inserted in PCB-
contaminated
sediment.
A
temperature
in excess of 3600°F
(2000°C) destroys
the
organics (PCBs) and encapsulates the metals in a glass—like solid matrix.
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cula
tion
/
Sedi
ment
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n
Filtr
ation
Carb
on A
dsor
ptio
n
Pre
cip
ita
tio
n
  
 Biological Treatment
R
a
d
i
a
n
C
o
r
p
o
r
a
t
i
o
n
(
M
i
l
w
a
u
k
e
e
,
W
i
s
c
o
n
s
i
n
)
c
o
n
d
u
c
t
e
d
a
b
e
n
c
h
—
s
c
a
l
e
s
t
u
d
y
o
f
a
d
v
a
n
c
—
e
d
b
i
o
l
o
g
i
c
a
l
t
r
e
a
t
m
e
n
t
o
f
N
e
w
B
e
d
f
o
r
d
H
a
r
b
o
r
s
e
d
i
m
e
n
t
s
c
o
n
t
a
i
n
i
n
g
P
C
B
s
.
I
n
t
h
e
i
r
s
t
u
d
y
,
t
e
s
t
i
n
g
w
a
s
c
o
n
d
u
c
t
e
d
t
o
d
e
t
e
r
m
i
n
e
i
f
a
n
y
o
b
s
e
r
v
e
d
n
e
t
l
o
s
s
w
a
s
d
u
e
t
o
m
i
c
r
o
b
i
a
l
metabolism.
Liduified Gas Extraction
I
n
J
u
l
y
1
9
8
8
,
t
h
e
E
P
A
S
u
p
e
r
f
u
n
d
I
n
n
o
v
a
t
i
v
e
T
e
c
h
n
o
l
o
g
y
E
v
a
l
u
a
t
i
o
n
(
S
I
T
E
)
p
r
o
g
r
a
m
s
e
l
e
c
t
e
d
N
e
w
B
e
d
f
o
r
d
H
a
r
b
o
r
a
s
t
h
e
d
e
m
o
n
s
t
r
a
t
i
o
n
s
i
t
e
f
o
r
a
p
i
l
o
t
-
s
c
a
l
e
t
e
s
t
o
f
C
F
S
y
s
t
e
m
'
s
(
W
a
l
t
h
a
m
,
M
a
s
s
a
c
h
u
s
e
t
t
s
)
l
i
q
u
i
f
i
e
d
g
a
s
e
x
t
r
a
c
t
i
o
n
p
r
o
c
e
s
s
.
C
F
S
y
s
t
e
m
s
u
s
e
s
p
r
o
p
a
n
e
,
w
h
i
c
h
is
h
e
a
t
e
d
a
n
d
c
o
m
p
r
e
s
s
e
d
t
o
a
l
i
q
u
i
d
s
t
a
t
e
.
T
h
e
c
o
m
b
i
n
e
d
p
r
o
p
e
r
t
i
e
s
o
f
g
a
sd
i
f
f
u
s
i
v
i
t
y
a
n
d
l
i
q
u
i
d
s
o
l
v
e
n
c
y
a
l
l
o
w
t
h
e
l
i
q
u
i
f
i
e
d
p
r
o
p
a
n
e
t
o
m
i
x
r
e
a
d
i
l
y
w
i
t
h
P
C
B
-
c
o
n
t
a
m
i
n
a
t
e
d
s
e
d
i
m
e
n
t
,
d
i
s
s
o
l
v
i
n
g
a
n
d
e
x
t
r
a
c
t
i
n
g
t
h
e
P
C
B
s
.
T
h
e
r
e
s
u
l
t
s
o
f
t
h
e
b
e
n
c
h
—
a
n
d
p
i
l
o
t
-
s
c
a
l
e
t
r
e
a
t
m
e
n
t
t
e
s
t
s
w
i
l
l
b
e
u
s
e
d
t
o
d
e
t
e
r
m
i
n
e
:
0
T
h
e
e
f
f
e
c
t
i
v
e
n
e
s
s
o
f
t
h
e
t
r
e
a
t
m
e
n
t
t
e
c
h
n
o
l
o
g
i
e
s
i
n
t
r
e
a
t
i
n
g
P
C
B
—
a
n
d
m
e
t
a
l
—
c
o
n
t
a
m
i
n
a
t
e
d
s
e
d
i
m
e
n
t
f
r
o
m
N
e
w
B
e
d
f
o
r
d
H
a
r
b
o
r
0
P
o
t
e
n
t
i
a
l
m
a
t
e
r
i
a
l
h
a
n
d
l
i
n
g
p
r
o
b
l
e
m
s
a
n
d
p
r
o
c
e
s
s
r
a
t
e
—
l
i
m
i
t
i
n
g
f
e
a
t
u
r
e
s
t
h
a
t
m
i
g
h
t
d
e
v
e
l
o
p
d
u
r
i
n
g
s
c
a
l
e
—
u
p
o
f
t
h
e
t
r
e
a
t
m
e
n
t
p
r
o
c
e
s
s
0
R
e
f
i
n
e
d
c
o
s
t
e
s
t
i
m
a
t
e
s
f
o
r
t
r
e
a
t
i
n
g
N
e
w
B
e
d
f
o
r
d
H
a
r
b
o
r
s
e
d
i
m
e
n
t
s
I
N
C
O
R
P
O
R
A
T
I
N
G
B
E
N
C
H
—
l
P
I
L
O
T
—
S
C
A
L
E
S
T
U
D
I
E
S
I
N
T
O
T
H
E
N
E
W
B
E
D
F
O
R
D
HARBQR F§
F
e
a
s
i
b
i
l
i
t
y
s
t
u
d
i
e
s
f
o
r
h
a
z
a
r
d
o
u
s
w
a
s
t
e
r
e
m
e
d
i
a
t
i
o
n
h
a
v
e
h
i
s
t
o
r
i
c
a
l
l
y
b
e
e
n
c
o
n
c
e
p
t
u
a
l
in
c
o
n
t
e
n
t
.
A
l
t
h
o
u
g
h
S
u
p
e
r
f
u
n
d
l
e
g
i
s
l
a
t
i
o
n
a
n
d
U
S
E
P
A
g
u
i
d
e
l
i
n
e
s
h
a
v
e
e
s
t
a
b
l
i
s
h
e
d
a
p
r
e
s
c
r
i
b
e
d
f
o
r
m
a
t
f
o
r
d
e
v
e
l
o
p
i
n
g
a
n
d
e
v
a
l
u
a
t
i
n
g
r
e
m
e
d
i
a
l
a
l
t
e
r
n
a
t
i
v
e
s
,
it
h
a
s
o
n
l
y
b
e
e
n
r
e
c
e
n
t
l
y
t
h
a
t
F
5
5
h
a
v
e
i
n
c
l
u
d
e
d
s
u
p
p
o
r
t
i
n
g
b
e
n
c
h
-
l
p
i
l
o
t
—
s
c
a
l
e
s
t
u
d
i
e
s
t
o
p
r
o
v
i
d
e
i
n
f
o
r
m
a
-
tion
t
o
r
e
d
u
c
e
t
h
e
u
n
c
e
r
t
a
i
n
t
i
e
s
i
n
h
e
r
e
n
t
in
e
v
a
l
u
a
t
i
n
g
t
h
e
e
f
f
e
c
t
i
v
e
n
e
s
s
,
i
m
p
l
e
m
e
n
t
a
t
i
o
n
a
n
d
c
o
s
t
o
f
a
p
a
r
t
i
c
u
l
a
r
r
e
m
e
d
i
a
l
a
l
t
e
r
n
a
t
i
v
e
p
r
i
o
r
t
o
t
h
e
a
c
t
u
a
l
d
e
s
i
g
n
a
n
d
c
o
n
s
t
r
u
c
t
i
o
n
.
S
i
t
e
—
a
n
d
w
a
s
t
e
—
s
p
e
c
i
f
i
c
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
u
n
i
q
u
e
t
o
e
v
e
r
y
h
a
z
a
r
d
o
u
s
w
a
s
t
e
site
m
a
k
e
it
difficult
t
o
a
s
s
e
s
s
t
h
e
a
p
p
l
i
c
a
b
i
l
i
t
y
a
n
d
a
n
t
i
c
i
p
a
t
e
d
p
e
r
f
o
r
m
a
n
c
e
o
f
r
e
m
e
d
i
a
l
a
l
t
e
r
n
a
t
i
v
e
s
o
r
c
o
m
p
o
n
e
n
t
r
e
s
p
o
n
s
e
a
c
t
i
o
n
s
t
h
a
t
h
a
v
e
b
e
e
n
c
o
n
s
i
d
e
r
e
d
for
a
n
d
/
o
r
a
p
p
l
i
e
d
to
o
t
h
e
r
sites.
E
P
A
C
E
R
C
L
A
guidelines
for
c
o
n
d
u
c
t
i
n
g
feasibility
studies
n
o
w
p
r
o
v
i
d
e
a
t
e
m
p
l
a
t
e
for
d
e
t
e
r
m
i
n
i
n
g
w
h
a
t
i
n
f
o
r
m
a
t
i
o
n
a
n
d
d
a
t
a
a
r
e
n
e
c
e
s
s
a
r
y
to
e
v
a
l
u
a
t
e
t
h
o
r
o
u
g
h
l
y
the.
e
f
f
e
c
t
i
v
e
n
e
s
s
,
i
m
p
l
e
m
e
n
t
a
t
i
o
n
a
n
d
c
o
s
t
o
f
a
n
alternative.
E
f
f
e
c
t
i
v
e
n
e
s
s
e
v
a
l
u
a
t
i
o
n
s
s
h
o
u
l
d
c
o
n
s
i
d
e
r
f
a
c
t
o
r
s
s
u
c
h
a
s
:
o
P
e
r
m
a
n
e
n
c
e
o
f
t
h
e
r
e
m
e
d
y
s
e
l
e
c
t
e
d
0
T
i
m
e
until
beneficial
e
f
f
e
c
t
s
o
f
t
h
e
r
e
m
e
d
y
a
r
e
a
c
h
i
e
v
e
d
0
N
a
t
u
r
e
a
n
d
duration
of
a
d
ve
r
s
e
e
n
vi
r
o
n
m
e
n
t
a
l
i
m
p
a
c
t
s
-45-
 o
Ma
gn
it
ud
e
of
re
si
du
al
ri
sk
to
hu
ma
ns
an
d
en
vi
ro
nm
en
ta
l
bi
ot
a
Im
pl
em
en
ta
ti
on
ev
al
ua
ti
on
s
sh
ou
ld
co
ns
id
er
te
ch
ni
ca
l
fa
ct
or
s
su
ch
as
:
0
Te
ch
ni
ca
l
di
ff
ic
ul
ti
es
an
d
un
kn
ow
ns
in
ap
pl
yi
ng
a
n
e
w
an
d
in
no
va
ti
ve
te
ch
no
lo
gy
or
a
k
n
o
w
n
te
ch
no
lo
gy
un
de
r
n
e
w
co
nd
it
io
ns
0
Ex
te
nt
th
at
ne
w
an
d
in
no
va
ti
ve
te
ch
no
lo
gi
es
ar
e
pr
ov
en
in
fu
ll
—s
ca
le
op
er
at
io
n
0
Te
ch
no
lo
gy
ca
pa
bi
li
ti
es
in
me
et
in
g
sp
ec
if
ie
d
op
er
at
io
n
ra
te
s
an
d
pe
rf
or
ma
nc
e
st
an
da
rd
s.
Ma
te
ri
al
s
ha
nd
li
ng
an
d
th
e
ti
me
li
ke
ly
to
be
re
qu
ir
ed
to
so
lv
e
op
er
at
io
na
l
p
r
o
b
l
e
m
s
al
so
ne
ed
s
to
be
co
ns
id
er
ed
0
Av
ai
la
bi
li
ty
of
tr
ea
tm
en
t,
st
or
ag
e
ca
pa
ci
ty
,
an
d
di
sp
os
al
se
rv
ic
es
0
Av
ai
la
bi
li
ty
of
eq
ui
pm
en
t
an
d
ex
pe
ri
en
ce
d
op
er
at
or
s
Ad
mi
ni
st
ra
ti
ve
fa
ct
or
s,
su
ch
as
pe
rm
it
ti
ng
an
d
re
gu
la
to
ry
ag
en
cy
co
or
di
na
ti
on
ti
me
,
an
d
in
st
it
ut
io
na
l
fa
ct
or
s,
su
ch
as
co
mm
un
it
y
ac
ce
pt
an
ce
al
so
ne
ed
to
be
co
ns
id
er
ed
in
ev
al
ua
ti
ng
im
pl
em
en
ta
ti
on
.
Co
st
s
es
ti
ma
te
d
fo
r
a
re
me
di
al
al
te
rn
at
iv
e
sh
ou
ld
in
cl
ud
e:
0
Di
re
ct
ca
pi
ta
l
co
st
s
fo
r
co
ns
tr
uc
ti
on
,
eq
ui
pm
en
t,
bu
il
di
ng
s
an
d
se
rv
ic
es
,
an
d
disposal costs
0
In
di
re
ct
ca
pi
ta
l
co
st
s
fo
r
en
gi
ne
er
in
g,
st
ar
t-
up
an
d
Sh
ak
ed
ow
n,
an
d
co
nt
in
ge
nc
y
allowances
0
Op
er
at
io
n
an
d
ma
in
te
na
nc
e
ex
pe
ns
es
du
ri
ng
si
te
re
me
di
at
io
n
an
d
mo
ni
to
ri
ng
ex
pe
ns
es
af
te
r
si
te
re
me
di
at
io
n
Co
st
es
ti
ma
te
s
de
ve
lo
pe
d
fo
r
Su
pe
rf
un
d
fe
as
ib
il
it
y
st
ud
ie
s
ar
e
ex
pe
ct
ed
to
pr
ov
id
e
an
ac
cu
ra
cy
of
+5
0
pe
rc
en
t
to
—3
0
pe
rc
en
t.
Th
e
be
nc
h—
an
d
pi
lo
t—
sc
al
e
st
ud
ie
s
th
at
ha
ve
be
en
co
nd
uc
te
d
fo
r
th
e
Ne
w
Be
df
or
d
Ha
rb
or
FS
wi
ll
pr
ov
id
e
a
we
al
th
of
in
fo
rm
at
io
n
an
d
da
ta
wh
ic
h
wi
ll
sp
ec
if
ic
al
ly
ad
dr
es
s
th
e
re
me
di
al
al
te
rn
at
iv
e
ev
al
ua
ti
on
fa
ct
or
s
di
sc
us
se
d
pr
ev
io
us
ly
.
Th
is
pr
oc
es
s
wi
ll
re
su
lt
in
a
mu
ch
hi
gh
er
de
gr
ee
of
co
nf
id
en
ce
th
at
th
e
re
me
di
al
al
te
rn
at
iv
e(
s)
ul
ti
ma
te
ly
se
le
ct
ed
as
th
e
si
te
re
me
dy
by
th
e
EP
A
ca
n
be
im
pl
em
en
te
d
an
d
wi
ll
be
co
st
—e
ff
ec
ti
ve
.
De
ta
il
ed
ev
al
ua
ti
on
of
th
e
re
me
di
al
al
te
rn
at
iv
es
fo
r N
ew
Be
df
or
d
Ha
rb
or
wi
ll
be
co
mp
le
te
d
in
th
e
sp
ri
ng
of
19
89
.
Pu
bl
ic
re
vi
ew
an
d
co
mm
en
t
on
th
e
Ne
w
Be
df
or
d
Ha
rb
or
FS
oc
cu
rr
ed
du
ri
ng
th
e
su
mm
er
of
19
89
.
A
Re
co
rd
of
De
ci
si
on
(R
OD
)
wa
s
sc
he
du
le
d
fo
r
the fall of 1989.
Th
e
ap
pr
oa
ch
us
ed
fo
r t
he
Ne
w
Be
df
or
d H
ar
bo
r
FS
wil
l y
ie
ld
an
ex
te
ns
iv
e i
nf
or
ma
ti
on
da
ta
ba
se
,
wh
ic
h
wi
ll
pr
ov
e
in
va
lu
ab
le
in
de
ve
lo
pi
ng
re
me
di
al
pl
an
s
fo
r
si
te
s
wi
th
si
mi
la
r
si
te
an
d
wa
st
e
ch
ar
ac
te
ri
st
ic
s.
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A
l
l
e
n
,
D
C
.
a
n
d
A..I.
I
k
a
l
a
i
n
e
n
.
1
9
8
8
.
S
e
l
e
c
t
i
o
n
a
n
d
E
v
a
l
u
a
t
i
o
n
o
f
T
r
e
a
t
m
e
n
t
T
e
c
h
n
o
l
o
g
i
e
s
f
o
r
t
h
e
N
e
w
B
e
d
f
o
r
d
H
a
r
b
o
r
(
M
A
)
S
u
p
e
r
f
u
n
d
P
r
o
j
e
c
t
.
P
r
o
c
.
9
t
h
N
a
t
i
o
n
a
l
S
u
p
e
r
f
u
n
d
C
o
n
f
e
r
e
n
c
e
.
N
o
v
e
m
b
e
r
2
8
-
3
0
,
1
9
8
8
.
S
p
o
n
s
o
r
e
d
b
y
t
h
e
H
a
z
a
r
d
o
u
s
Materials
Control
Research
Institute.
A
v
e
r
e
t
t
,
D
E
.
a
n
d
N
R
.
F
r
a
n
c
i
n
g
u
e
s
.
1
9
8
8
.
A
C
a
s
e
S
t
u
d
y
:
D
r
e
d
g
i
n
g
a
s
a
R
e
m
e
d
i
a
l
A
c
t
i
o
n
A
l
t
e
r
n
a
t
i
v
e
f
o
r
N
e
w
B
e
d
f
o
r
d
H
a
r
b
o
r
,
M
a
s
s
a
c
h
u
s
e
t
t
s
.
P
r
o
c
.
9
t
h
N
a
t
i
o
n
a
l
S
u
p
e
r
f
u
n
d
conference-
N
O
V
e
m
b
e
r
28-30,
1938-
Sponsored
b
y
the
H
a
za
r
d
o
us
Materials
Control
Research Institute.
E
.
C
.
J
o
r
d
a
n
/
E
b
a
s
c
o
S
e
r
v
i
c
e
s
Inc.
1
9
8
7
.
D
e
t
a
i
l
e
d
A
n
a
l
y
s
i
s
o
f
R
e
m
e
d
i
a
l
T
e
c
h
n
o
l
o
g
i
e
s
f
o
r
the
N
e
w
Bedford
Harbor
Feasibility
Study.
Otis,
M
I
.
a
n
d
D
E
.
Averett.
1988.
Pilot
S
t
u
d
y
of
D
r
e
d
g
i
n
g
a
n
d
D
r
e
d
g
e
d
Material
D
i
s
p
o
s
a
l
M
e
t
h
o
d
s
,
N
e
w
B
e
d
f
o
r
d
,
M
a
s
s
a
c
h
u
s
e
t
t
s
S
u
p
e
r
f
u
n
d
Site.
P
r
o
c
.
9
t
h
N
a
t
i
o
n
a
l
S
u
p
e
r
f
u
n
d
C
o
n
f
e
r
e
n
c
e
.
N
o
v
e
m
b
e
r
2
8
—
3
0
,
1
9
8
8
.
S
p
o
n
s
o
r
e
d
b
y
t
h
e
H
a
z
a
r
d
o
u
s
Materials
Control
Research
Institute.
Phelps, D.K. et
a1.
1
9
8
8
.
M
o
n
i
t
o
r
i
n
g
P
r
o
g
r
a
m
i
n
S
u
p
p
o
r
t
o
f
t
h
e
P
i
l
o
t
S
t
u
d
y
o
f
D
r
e
d
g
i
n
g
a
n
d
D
r
e
d
g
e
d
M
a
t
e
r
i
a
l
D
i
s
p
o
s
a
l
M
e
t
h
o
d
s
,
N
e
w
B
e
d
f
o
r
d
H
a
r
b
o
r
,
M
a
s
s
a
c
h
u
s
e
t
t
s
S
u
p
e
r
f
u
n
d
Site.
P
r
o
c
.
9
t
h
N
a
t
i
o
n
a
l
S
u
p
e
r
f
u
n
d
C
o
n
f
e
r
e
n
c
e
.
N
o
v
e
m
b
e
r
28—30,
1988.
S
p
o
n
s
o
r
e
d
b
y
the
H
a
z
a
r
d
o
u
s
Materials
Control
R
e
s
e
a
r
c
h
Institute.
U
S
.
A
r
m
y
C
o
r
p
s
O
f
Engineers.
N
e
w
B
e
d
f
o
r
d
H
a
r
b
o
r
S
up
e
r
f
un
d
Project,
A
c
u
s
h
n
e
t
River
E
s
t
u
a
r
y
E
n
g
i
n
e
e
r
i
n
g
Feasibility
S
t
u
d
y
o
f
D
r
e
d
g
i
n
g
a
n
d
D
r
e
d
g
e
d
M
a
t
e
r
i
a
l
Disposal
Alternatives:
R
e
p
o
r
t
1:
S
t
u
d
y
O
v
e
r
v
i
e
w
(available
f
r
o
m
N
T
I
S
:
Technical
Bulletin
E
L
—
8
8
-
1
5
)
Report
2:
S
e
d
i
m
e
n
t
a
n
d
C
o
n
t
a
m
i
n
a
n
t
Hydraulic
Transport
Investigations
(in
preparation)
Report
3:
Characterization
a
n
d
Elutriate
Testing
of
Acushnet
River
Estuary
S
e
d
i
m
e
n
t
(in
preparation)
Report
4:
Surface
Runoff
Quality
Evaluation
for
Confined
Disposal
(available
from
N
T
I
S
:
T
e
c
h
n
i
c
a
l
Bulletin
E
L
-
8
8
-
1
5
)
R
e
p
o
r
t
5:
E
va
l
ua
t
i
o
n
of
L
e
a
c
h
a
t
e
Quality
(in
preparation)
Report
6:
Laboratory
Testing
for
Subaqueous
Capping
(available
from
NTIS:
Technical
Bulletin
EL—88—15)
Report
7:
Settling
and
Chemical
Clarification
Tests
(available
from
NTIS:
Technical
B
u
l
l
e
t
i
n
E
L
—
8
8
—
1
5
)
Report
8:
Compatability
of
Liner
Systems
with
New
Bedford
Harbor
Dredged
Material
Contaminants
(in
preparation)
Report
9:
Laboratory-Scale
Application
of
Solidification/Stabilization
Technology
(in preparation)
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Re
po
rt
10
:
Ev
al
ua
ti
on
of
Dr
ed
gi
ng
an
d
Dr
ed
gi
ng
Co
nt
ro
l
Te
ch
no
lo
gi
es
(i
n
pr
ep
ar
at
io
n)
Re
po
rt
11
:
Ev
al
ua
ti
on
of
Co
nc
ep
tu
al
Dr
ed
gi
ng
an
d
Di
sp
os
al
Al
te
rn
at
iv
es
(i
n
preparation)
Re
po
rt
12
:
Ex
ec
ut
iv
e
Su
mm
ar
y
(i
n
pr
ep
ar
at
io
n)
U.
S.
EP
A.
Gu
id
an
ce
fo
r
Co
nd
uc
ti
ng
Re
me
di
al
In
ve
st
ig
at
io
ns
an
d
Fe
as
ib
il
it
y
St
ud
ie
s
Un
de
r
C
E
R
C
L
A
.
Dr
af
t
Ma
rc
h
19
88
.
Of
fi
ce
of
So
li
d
Wa
st
e
an
d
Em
er
ge
nc
y
Re
sp
on
se
Di
re
ct
iv
e
93
35
.3
—0
1.
(N
ot
e:
Th
is
do
cu
me
nt
sh
ou
ld
be
re
le
as
ed
as
a
fi
na
l
do
cu
me
nt
in
early 1989)
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M
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R
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G
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N
L
2
5
0
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E
X
T
h
e
H
a
g
u
e
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T
h
e
N
e
t
h
e
r
l
a
n
d
s
a
r
e
s
i
t
u
a
t
e
d
a
t
t
h
e
o
u
t
ﬂ
o
w
o
f
t
h
e
r
i
v
e
r
s
R
h
i
n
e
,
M
e
u
s
e
a
n
d
S
c
h
e
l
d
t
.
D
u
e
t
o
i
n
c
r
e
a
s
e
d
i
n
d
u
s
t
r
i
a
l
i
z
a
t
i
o
n
a
n
d
a
g
r
i
c
u
l
t
u
r
a
l
a
c
t
i
v
i
t
y
i
n
w
e
s
t
e
r
n
E
u
r
o
p
e
,
t
h
e
s
e
r
i
v
e
r
s
b
e
c
a
m
e
t
h
e
m
a
i
n
s
o
u
r
c
e
s
o
f
c
o
n
t
a
m
i
n
a
n
t
s
in
t
h
e
N
o
r
t
h
S
e
a
.
S
i
n
c
e
m
a
n
y
c
o
n
t
a
m
i
n
a
n
t
s
easily
a
d
s
o
r
b
to
s
u
s
p
e
n
d
e
d
particulates,
a
r
e
a
s
w
i
t
h
h
i
g
h
deposition
rates
e
ve
n
t
ua
l
l
y
b
e
c
o
m
e
c
o
n
t
a
m
i
n
a
t
e
d
.
G
e
n
e
r
a
l
l
y
,
t
h
e
s
e
a
r
e
a
s
a
r
e
d
i
v
i
d
e
d
i
n
t
o
t
h
r
e
e
g
r
o
u
p
s
:
o
p
e
n
s
e
a
d
e
p
r
e
s
s
i
o
n
s
,
s
u
c
h
a
s
t
h
e
G
e
r
m
a
n
B
i
g
h
t
;
tidal
flats,
s
u
c
h
as
t
h
e
W
a
d
d
e
n
S
e
a
a
n
d
W
e
s
t
e
r
n
Scheldt
a
n
d
harbours,
s
u
c
h
as
the
a
r
e
a
a
r
o
u
n
d
R
o
t
t
e
r
d
a
m
Harbor.
All
these
areas
are
k
n
o
w
n
t
o
b
e
c
o
n
t
a
m
i
n
a
t
e
d
.
In
s
e
v
e
r
a
l
a
r
e
a
s
,
a
d
v
e
r
s
e
effects,
s
u
c
h
a
s
t
h
e
d
e
p
l
e
t
i
o
n
o
f
o
x
y
g
e
n
,
fish
d
i
s
e
a
s
e
s
a
n
d
r
e
d
u
c
e
d
r
e
p
r
o
d
u
c
t
i
o
n
o
f
seals
h
a
v
e
o
c
c
u
r
r
e
d
.
A
t
a
r
e
c
e
n
t
ministerial
c
o
n
f
e
r
e
n
c
e
(
L
o
n
d
o
n
1987),
it
w
a
s
d
e
c
i
d
e
d
t
h
a
t
r
e
d
u
c
t
i
o
n
o
f
t
h
e
c
o
n
t
a
m
i
n
a
t
i
o
n
in
t
h
e
N
o
r
t
h
S
e
a
s
h
o
u
l
d
b
e
p
u
r
s
u
e
d
a
s
f
a
r
a
s
possible.
A
s
a
result,
t
h
e
disposal
o
f
c
o
n
t
a
m
—
inated
s
e
d
i
m
e
n
t
s
will
b
e
r
e
d
u
c
e
d
.
T
h
i
s
p
a
p
e
r
will
f
o
c
us
o
n
R
o
t
t
e
r
d
a
m
,
w
h
i
c
h
d
r
e
d
g
e
s
2
0
million
cubic
meters
annually.
Since
1985,
the
m
o
s
t
c
o
n
t
a
m
i
n
a
t
e
d
portion
of
these
s
e
d
i
m
e
n
t
s
(
5
0
%
)
is
stored
in
a
confined
disposal
site
in
the
N
o
r
t
h
S
e
a
(Slufter).
T
h
e
costs
of
maintaining
this
site
are
high
a
n
d
its
c
a
p
a
c
i
t
y
is
limited
to
15
years.
T
h
e
rest,
w
h
i
c
h
originated
f
r
o
m
density
undercurrents
in
the
sea,
is
r
e
t
ur
n
e
d
a
n
d
disposed
of
three
miles
offshore.
T
h
e
silt
frac-
tion
of
this
material
is
still
c
o
n
t
a
m
i
n
a
t
e
d
a
n
d
w
a
s
h
e
d
a
w
a
y
in
a
northerly
direction.
Present
research
activities
are
a
i
m
e
d
at
achieving
three
goals:
0
T
o
assess
the
m
e
c
h
a
n
i
s
m
s
a
n
d
routes
of
sediment
transport.
It
will
b
e
s
h
o
w
n
that
density
undercurrents
concentrate
the
silt
in
the
coastal
zone,
forming
a
p
a
t
h
wa
y
to
the
productive
W
a
d
d
e
n
Sea.
Moreover,
contamina—
tion
of
sediments
from
this
area
reflects
that
of
the
River
Rhine.
0
T
o
assess
alternative
disposal
grounds.
 
The
use
of
North
Sea
transport
models
has
shown
that
disposal
80
miles
offshore
“
is
likely
to
prevent
contaminated
silt
from
entering
the
Wadden
Sea.
However,
this
procedure
may
yield
adverse
effects
elsewhere
and
the
costs
of
transport
do
not
permit
building
a
n
e
w
disposal
site.
'
0
To
assess
the
effects
of
contaminated
sediments
on
organisms.
Historical
studies
have
revealed
strong
shifts
in
species
composition
in
the
last
fifty
years.
Cases
in
which
disposal
of
dredged
material
.may_
have
contributed
a.
to these
shifts will be discussed, based
on experiments
w1th tidal flat mesocosms.
1.,
It will
be
shown
that
eutrophication
and
the presence
of organic
contaminants
are
principal
factors
in
the
disturbance
of
ecosystems.
-49-
  
INT RODUQTIQN
Th
e
Ne
th
er
la
nd
s
en
cl
os
e
th
e
de
lt
a
of
se
ve
ra
l
Eu
ro
pe
an
ri
ve
rs
.
In
th
e
so
ut
h,
th
e
ri
ve
r
Sc
he
ld
t
di
sc
ha
rg
es
th
ro
ug
h
th
e
We
st
er
n
Sc
he
ld
t
Es
tu
ar
y
in
to
th
e
No
rt
h
Se
a;
ab
ou
t
80
km
no
rt
h,
th
e
ri
ve
rs
Rh
in
e
an
d
Me
us
e
di
sc
ha
rg
e
th
ro
ug
h
th
e
Ha
ri
ng
vl
ie
t
Ba
si
n
an
d
di
re
ct
ly
th
ro
ug
h
th
e
po
rt
of
Ro
tt
er
da
m.
Th
e
ri
ve
r
IJ
ss
el
,
br
an
ch
in
g
fr
om
th
e
Rh
in
e,
fl
ow
s
in
to
La
ke
IJ
ss
el
,
its
wa
te
rs
fi
na
ll
y e
nt
er
in
g
th
e
Wa
dd
en
Se
a
th
ro
ug
h
di
sc
ha
rg
e
sl
ui
ce
ga
te
s.
In
th
e
no
rt
he
as
t,
th
e
ri
ve
r
Em
s
di
sc
ha
rg
es
in
to
th
e
Em
s-
Do
ll
ar
t
Es
tu
ar
y.
Cl
ea
rl
y,
fr
ee
wa
te
rw
ay
s
fo
r
sh
ip
pi
ng
ar
e
of
pr
im
e
ec
on
om
ic
im
po
rt
an
ce
.
Ho
we
ve
r,
op
en
ca
na
ls
al
so
fo
rm
th
e
ce
nt
ra
l
ne
tw
or
k
to
re
gu
la
te
wa
te
r
di
st
ri
bu
ti
on
in
a
co
un
tr
y
wi
th
ov
er
50
%
of
it
s
ar
ea
be
lo
w
av
er
ag
e
se
a
le
ve
l.
Mo
re
ov
er
,
be
ca
us
e
th
is
co
un
tr
y
is
si
tu
at
ed
do
wn
st
re
am
of
ma
ny
he
av
il
y
in
du
st
ri
al
iz
ed
an
d
po
pu
la
te
d
ar
ea
s
in
we
st
er
n
Eu
ro
pe
,
it
ha
s
be
co
me
th
e
de
po
si
ti
on
al
ar
ea
fo
r
an
y
up
st
re
am
em
is
si
on
s.
Ap
ar
t
fr
om
in
la
nd
dr
ed
gi
ng
,
an
nu
al
dr
ed
gi
ng
in
es
tu
ar
ie
s
an
d
of
fs
ho
re
yi
el
ds
ov
er
65
mi
ll
io
n
cu
bi
c
me
te
rs
.
Th
e
ma
in
dr
ed
gi
ng
ac
ti
vi
ti
es
ar
e
co
nc
en
tr
at
ed
on
th
e
Ro
tt
er
da
m
ha
rb
ou
rs
(6
0%
),
We
st
er
n
Sc
he
ld
t
an
d
Em
s-
Do
ll
ar
t
(1
5%
ea
ch
).
Si
nc
e
un
de
rc
ur
re
nt
s
in
du
ce
d
by
sa
li
ni
ty
di
ff
er
en
ce
s
pr
ev
ai
l
in
We
st
er
n
Sc
he
ld
t
an
d
EM
S-
Do
ll
ar
t
es
tu
ar
ie
s,
en
vi
ro
nm
en
ta
l
di
st
ur
ba
nc
es
in
du
ce
d
by
dr
ed
gi
ng
ar
e
ma
in
ly
of
lo
ca
l
im
po
rt
an
ce
.
Mo
st
of
th
e
se
di
me
nt
s
ar
e
dr
ed
ge
d
to
in
su
re
a
fr
ee
sh
ip
pi
ng
ro
ut
e
to
an
d
fr
om
Ro
tt
er
da
m
an
d
di
sp
os
ed
of
at
se
a
wh
ic
h
ma
y
ha
ve
a
mu
ch
wi
de
r
im
pa
ct
.
Dr
ed
gi
ng
ac
ti
vi
ti
es
in
Ro
tt
er
da
m
ar
e
ra
th
er
co
mp
li
ca
te
d.
A
No
rt
h
Se
a
tr
en
ch
is
ma
in
ta
in
ed
th
ro
ug
h
th
e
of
fs
ho
re
di
sp
la
ce
me
nt
of
ro
ug
hl
y
20
mi
ll
io
n
cu
bi
c
me
te
rs
of
ma
ri
ne
se
di
me
nt
s.
Ab
ou
t
ha
lf
of
th
is
am
ou
nt
ha
s
to
be
dr
ed
ge
d
fr
om
th
e
in
te
rc
on
ne
ct
in
g
wa
te
rw
ay
an
d
di
sp
os
ed
of
th
re
e
km
of
fs
ho
re
,
wh
il
e
an
ot
he
r
10
mi
ll
io
n c
ub
ic
me
te
rs
is
dr
ed
ge
d
fu
rt
he
r
up
st
re
am
an
d
fr
om
th
e h
ar
bo
ur
s,
an
d
is
di
sp
os
ed
of
in
a
20
0
X
10
5m
3
co
nf
in
ed
di
sp
os
al
sit
e,
bu
il
t
in
to
th
e
No
rt
h
Se
a
(S
lu
ft
er
da
m)
.
-
ENVIR NMENTAL IMPA T
On
ly
th
e f
ra
ct
io
n o
f s
ed
im
en
ts
ac
ti
ve
ly
tr
an
sp
or
te
d a
nd
di
sp
os
ed
of
at
3 k
m
of
fs
ho
re
is
re
ga
rd
ed
of
en
vi
ro
nm
en
ta
l s
ig
ni
fi
ca
nc
e
in
thi
s c
on
te
xt
.
Mo
st
of
thi
s s
ed
im
en
t o
ri
gi
na
te
s
fr
om
th
e N
or
th
Se
a,
tr
an
sp
or
te
d i
nl
an
d t
hr
ou
gh
de
ns
it
y u
nd
er
cu
rr
en
ts
.
Th
e
co
nt
ri
bu
ti
on
of
co
nt
am
in
at
ed
ri
ve
ri
ne
se
di
me
nt
s
in
th
e
di
sp
os
ed
dr
ed
gi
ng
s i
s e
st
im
at
ed
at
10
%.
On
ce
di
sp
os
ed
of
in
th
e
hi
gh
en
er
gy
No
rt
h S
ea
en
vi
ro
nm
en
t,
th
e
fi
ne
fr
ac
ti
on
is
los
t,
wh
il
e
th
e
co
ar
se
fr
ac
ti
on
re
ma
in
s
on
th
e
du
mp
si
te
.
Th
e
ma
in
cu
rr
en
t
al
on
g t
he
Du
tc
h
co
as
t r
un
s
in
a
no
rt
he
rl
y d
ir
ec
ti
on
.
Be
ca
us
e
of
th
e
in
co
mp
le
te
mi
xi
ng
of
di
sc
ha
rg
ed
riv
er
wa
te
rs
in
a r
egi
on
do
mi
na
te
d b
y s
ou
th
—w
es
t w
ind
s,
str
ong
den
sit
y u
nd
er
cur
re
nt
s p
erp
end
icu
lar
to
the
coa
stl
ine
ha
ve
be
en
de
te
rm
in
ed
to
exi
st.
As
a r
esu
lt,
the
silt
fra
cti
on
is
tra
ppe
d i
n a
nar
row
coa
sta
l z
one
and
mo
ve
s i
nto
the
Wa
dd
en
Sea
.
Thi
s s
ilt
ca
n b
e r
eg
ar
de
d a
s t
he
bul
k c
arr
ier
for
sev
era
l c
on
ta
mi
na
nt
s.
In
a r
ece
nt
eva
lua
tio
n o
f t
he
nat
ura
l v
alu
e o
f D
ut
ch
coa
sta
l w
ate
rs,
dra
mat
ic
con
tam
ina
nt—
ind
uce
d c
han
ges
in
eco
log
ica
l c
omm
uni
tie
s w
er
e o
bse
rve
d.
Th
ey
inc
lud
ed
the
eff
ect
s o
f s
tro
ngl
y i
ncr
eas
ed
nut
rie
nts
(N
and
P),
pol
yar
oma
tic
hyd
roc
arb
ons
(PA
Hs)
and
org
ano
tin
s (
TBT
O).
The
se
eff
ect
s m
igh
t b
e r
ega
rde
d a
s g
lob
all
y i
mpo
rta
nt
and
are
,
therefore, discussed in further detail.
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S
e
v
e
r
a
l
e
f
f
e
c
t
s
w
e
r
e
n
o
t
i
c
e
d
in
t
h
e
g
r
o
u
p
f
e
d
o
n
c
o
n
t
a
m
i
n
a
t
e
d
m
us
s
e
l
s
:
T
h
e
n
u
m
b
e
r
o
f
e
g
g
s
p
e
r
f
e
m
a
l
e
w
a
s
r
e
d
u
c
e
d
b
y
3
0
%
,
a
n
d
t
h
e
si
ze
o
f
t
h
e
e
g
g
s
w
a
s
s
o
m
e
w
h
a
t
r
e
d
u
c
e
d
(
T
a
b
l
e
1)
.
M
o
r
e
o
v
e
r
,
in
1
9
8
4
,
e
m
b
r
y
o
m
o
r
t
a
l
i
t
y
w
a
s
o
b
s
e
r
v
e
d
a
n
d
fi
na
ll
y,
in
b
o
t
h
r
e
p
r
o
d
u
c
t
i
v
e
y
e
a
r
s
,
b
r
e
e
d
i
n
g
b
e
h
a
v
i
o
u
r
w
a
s
c
o
m
p
l
e
t
e
l
y
i
m
p
a
i
r
e
d
.
TABLE 1
A
V
E
R
A
G
E
S
O
F
B
I
R
D
A
N
D
O
R
G
A
N
W
E
I
G
H
T
S
,
I
N
C
L
U
D
I
N
G
R
E
P
R
O
D
U
C
T
I
O
N
P
A
R
A
M
E
T
E
R
S
.
T
H
E
S
T
A
N
D
A
R
D
D
E
V
I
A
T
I
O
N
IS
S
H
O
W
N
IN PARENTHESIS
L
A
K
E
M
A
R
K
E
N
H
A
R
I
N
G
V
L
I
E
T
B
o
d
y
W
e
i
g
h
t
(g
)
5
8
2
(3
3)
5
4
7
(3
8)
L
i
v
e
r
W
e
i
g
h
t
(g
)
13
.5
(0
.6
)
12
.7
(0
.5
)
K
i
d
n
e
y
W
e
i
g
h
t
(g
)
4.
7
(0
.5
)
3
.
6
(0
.4
)
E
g
g
L
e
n
g
t
h
(e
a)
60
.1
(0
.8
)
5
7
.
5
(0
.7
)
E
g
g
W
e
i
g
h
t
(g
)
5
0
.
1
(2
.3
)
4
7
.
0
(2
.4
)
C
l
u
t
c
h
S
i
z
e
8.
7
(0
.6
)
6
.
0
(0
.8
)
R
e
d
u
c
t
i
o
n
in
e
g
g
p
r
o
d
u
c
t
i
o
n
w
a
s
al
so
r
e
p
o
r
t
e
d
fo
r
p
h
e
a
s
a
n
t
s
(
D
a
h
l
g
r
e
n
et
al
.
19
72
):
lo
ss
of
n
e
xt
at
te
nt
iv
en
es
s
fo
r
d
o
v
e
s
(P
ea
ka
ll
a
n
d
Pe
ak
al
l,
19
73
),
b
o
t
h
in
re
la
ti
on
to
th
e
d
o
s
e
of
P
C
B
s
.
M
o
r
e
o
v
e
r
,
la
rg
e
n
u
m
b
e
r
s
of
se
al
p
up
p
i
e
s
ar
e
ye
a
r
l
y
f
o
u
n
d
to
b
e
d
e
s
e
r
t
e
d
in
th
e
W
a
d
d
e
n
Se
a.
T
h
e
d
u
c
k
s
a
n
d
th
ei
r
e
g
g
s
f
r
o
m
th
is
f
e
e
d
i
n
g
e
x
p
e
r
i
m
e
n
t
al
so
s
h
o
w
e
d
i
n
c
r
e
a
s
e
d
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
P
C
B
s
(
T
a
b
l
e
2)
.
A
l
t
h
o
ug
h
lo
we
r
ch
lo
ri
na
te
d
P
C
B
s
w
e
r
e
cl
ea
rl
y
di
sc
er
ni
bl
e
in
th
e
mu
ss
el
s,
th
ey
w
e
r
e
no
t
d
e
t
e
c
t
e
d
in
bi
rd
s
or
e
g
g
s
(
R
e
n
z
o
n
i
et
a1
.
19
86
).
In
ad
di
ti
on
,
a
n
ac
ti
ve
m
u
s
s
e
l
w
a
t
c
h
p
r
o
g
r
a
m
w
a
s
c
o
n
d
uc
t
e
d
in
th
e
sp
ri
ng
of
19
85
in
a
co
nf
in
ed
di
sp
os
al
si
te
fo
r
d
r
e
d
g
e
d
ma
te
ri
al
s
in
th
e
U
n
i
t
e
d
St
at
es
.
T
h
e
mu
ss
el
,
El
ip
ti
o
di
la
ta
ta
,
w
a
s
us
ed
to
as
se
ss
th
e
bi
oa
va
il
ab
il
it
y
of
P
C
B
s
.
It
s
h
o
w
e
d
th
e
pr
es
en
ce
of
lo
we
r
ch
lo
ri
na
te
d
P
C
B
s
in
co
nc
en
tr
at
io
ns
c
o
m
p
a
r
a
b
l
e
to
th
e
mu
ss
el
s
f
r
o
m
th
e
Ha
ri
ng
vl
ie
t,
bu
t
m
u
c
h
lo
we
r
co
nc
en
tr
at
io
ns
of
th
e
m
o
r
e
hi
gh
ly
ch
lo
ri
na
te
d
P
C
B
s
(M
ar
qu
en
ie
et
a1
.
19
86
).
Y
o
u
n
g
du
ck
s,
A
n
a
s
ca
ro
li
ne
ns
is
,
th
at
h
a
d
h
a
t
c
h
e
d
at
th
e
Ha
ri
ng
vl
ie
t
si
te
w
e
r
e
co
ll
ec
te
d
pr
io
r
to
fl
ed
gi
ng
a
n
d
an
al
yz
ed
.
T
h
e
y
al
so
s
h
o
w
e
d
th
e
ab
se
nc
e
of
lo
we
r
ch
lo
ri
na
te
d
P
C
B
s
a
n
d
fo
r
P
C
B
—
1
5
3
co
nc
en
tr
at
io
ns
co
mp
ar
ab
le
to
th
os
e
in
th
e
du
ck
s
fe
d
on
mu
ss
el
s
fr
om
La
rk
Ma
rk
en
.
Si
nc
e
bi
rd
li
fe
is
cl
os
el
y
wa
tc
he
d
at
th
e
Ha
ri
ng
vl
ie
t
si
te
an
d
th
er
e
ar
e
no
in
di
ca
ti
on
s
of
re
pr
od
uc
ti
ve
di
st
ur
ba
nc
es
,
it
is
co
nc
lu
de
d
th
at
th
e
ob
se
rv
ed
im
pa
ir
me
nt
is
du
e
to
th
e
pr
es
en
ce
of
hi
gh
er
ch
lo
ri
na
te
d
PC
Bs
.
A
m
o
r
e
de
ta
il
ed
pa
pe
r
on
th
is
ca
se
st
ud
y
is
in
pr
ep
ar
at
io
n
(M
ar
qu
en
ie
an
d
Ka
y,
un
pu
bl
is
he
d)
.
Th
e
sa
me
co
nc
lu
si
on
ca
n
be
dr
aw
n
fr
om
an
ot
he
r
fe
ed
in
g
st
ud
y,
us
in
g
ha
rb
ou
r
se
al
s
an
d
fi
sh
(R
ei
jn
de
rs
19
87
).
T
w
o
gr
ou
ps
of
se
al
s
we
re
fe
d
fo
r
tw
o
ye
ar
s
on
fi
sh
wi
th
di
ff
er
en
t
de
gr
ee
s
of
P
C
B
co
nt
am
in
at
io
n.
O
n
e
gr
ou
p
(t
he
co
nt
ro
l)
re
ce
iv
ed
fi
sh
fr
om
th
e
At
la
nt
ic
(d
ai
ly
in
ta
ke
0.
22
m
g
PC
B)
an
d
th
e
ot
he
r,
fi
sh
fr
om
th
e
W
a
d
d
e
n
Se
a
(d
ai
ly
in
ta
ke
1.
5
m
g
PC
B)
.
As
in
th
e
du
ck
fe
ed
in
g
ex
pe
ri
me
nt
,
fe
ed
in
g
on
co
nt
am
in
at
ed
fo
od
re
su
lt
ed
in
re
pr
od
uc
ti
ve
im
pa
ir
me
nt
.
In
an
ot
he
r
ex
pe
ri
me
nt
,
th
e
gr
ou
p
th
at
wa
s
fe
d
on
co
nt
am
in
at
ed
fi
sh
wa
s
wa
s
th
en
fe
d
on
fi
sh
fr
om
th
e
At
la
nt
ic
fo
r
tw
o
mo
re
ye
ar
s.
Re
su
lt
s
fr
om
th
is
wo
rk
sh
ow
ed
th
at
re
pr
od
uc
ti
ve
ca
pa
ci
ty
sl
ow
ly
re
co
ve
re
d
(T
ab
le
3)
.
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TABLE 2
CONCENTRATIONS OF CONTAMINANTS (pg-g‘1 ash—free dry weight) 1N LIVERS AND EGGS OF DUCKS FED ON
MUSSELS
FROM TWO SOURCES.
THE STANDARD DEVIATION IS IN PARENTHESIS
 
LAKE MARKEN
HARINGVLIET
CONTAMINANT
MUSSELS
LIVERS
(1985)
MUSSELS
LIVERS
(1985)
EGGS
(1984)
EGGS
(1985)
Cadmium
0.75
(0.18)
1.8
1.90
(0.37)
<0.025
<0.030
Copper
80
(23)
20
210
(30)
3.15
(0.35)
3.43
(2.28)
Mercury
0.30
(0.05)
0.28
0.46
(0.07)
0.172
(0.002)
0.115
(0.038)
Zinc
170
(31)
220
230
(12)
66.5
(0.7)
89.3
(1.7)
I
PCB—138
0.056
(0.004)
0.09
(0.02)
0.405
(0.028)
0.47
(0.11)
1.31
(0.27)
1.00
(0.03)
U1
PCB—153
0.039
(0.012)
0.09
(0.03)
0.544
(0.044)
0.52
(0.15)
2.33
(0.33)
2.15
(0.14)
w
PCB—180
0.015
(0.002)
0.04
(0.01)
0.193
(0.019)
0.16
(0.02)
0.45
(0.05)
0.46
(0.05)
.
Total PCB
0.22
0.47
2.28
2.29
8.18
7.20
op—DDE
<0.001
<0.010
0.239
(0.011)
0.10
(0.04)
0.65
(0.16)
0.43
(0.08)
pp—DDE
0.012
(0.005)
<0.012
0.077
(0.082)
0.075
(0.028)
0.49
(0.13)
0.36
(0.01)
HCB
0.030
(0.009)
0.185
(0.117)
0.120
(0.008)
0.62
(0.24)
0.50
(0.20)
0.074
(0.047)
n
Metals
Organics
 
  
TABLE 3
F
E
E
D
I
N
G
S
T
U
D
Y
W
I
T
H
12
F
E
M
A
L
E
H
A
R
B
O
U
R
S
E
A
L
S
(
A
F
T
E
R
R
E
I
J
N
D
E
R
S
19
87
)
AT
LA
NT
IC
W
A
D
D
E
N
SE
A
T
R
A
N
S
F
E
R
R
E
D
TO
AT
LA
NT
IC
82
/8
4
82
/8
4
84
/8
5
85
/8
6
N
u
m
b
e
r
ov
ul
at
in
g
12
12
12
12
N
u
m
b
e
r
pr
eg
na
nt
10
4
6
8
A
s
wi
th
bi
rd
s,
ma
in
ly
hi
gh
er
ch
lo
ri
na
te
d
P
C
B
s
we
re
fo
un
d
in
th
e
se
al
s'
bl
oo
d
(B
oo
n
et
al
.
19
87
).
Th
er
ef
or
e,
it
ca
n
be
as
su
me
d
th
at
th
e
sl
ow
re
co
ve
ry
(m
or
e
th
an
t
wo
ye
ar
s)
of
re
pr
od
uc
ti
on
is
ca
us
ed
by
th
e
re
le
as
e
of
P
C
B
s
fr
om
fa
t
de
po
si
ts
wi
th
in
th
e
se
al
.
Ho
we
ve
r,
si
nc
e
lo
we
r
ch
lo
ri
na
te
d
P
C
B
s
w
e
r
e
ab
se
nt
f
r
o
m
th
e
bl
oo
d
du
ri
ng
ac
cu
mu
la
ti
on
,
th
e
ob
se
rv
ed
ef
fe
ct
s
ar
e
li
ke
ly
d
ue
to
th
e
pr
es
en
ce
of
hi
gh
er
ch
lo
ri
na
te
d,
n
o
n
-
metabolizable PCBs.
M
E
T
A
B
O
L
I
Z
A
T
I
O
N
A
N
D
T
O
X
I
C
I
T
Y
 
M
a
n
y
lo
we
r
ch
lo
ri
na
te
d
P
C
B
s
we
re
ab
se
nt
in
bl
oo
d
sa
mp
le
s
fr
om
th
e
se
al
s
in
19
84
,
a
fi
nd
in
g
in
co
nt
ra
st
wi
th
th
e
fi
sh
pa
tt
er
ns
.
Th
e
in
ve
st
ig
at
or
s
(B
oo
n
an
d
Ei
jq
en
ra
am
,
19
88
)
co
nc
lu
de
d
th
at
th
e
pr
es
en
ce
of
vi
ci
na
l
H-
at
om
s
in
bo
th
me
ta
an
d
pa
ra
po
si
ti
on
s
is
es
se
nt
ia
l
fo
r
me
ta
bo
li
za
ti
on
.
Al
so
,
co
ng
en
er
s
wi
th
th
es
e
H-
at
om
s
in
or
th
o
an
d
me
ta
po
si
ti
on
s
we
re
me
ta
bo
li
ze
d,
pr
ov
id
ed
th
at
no
mo
re
th
an
on
e
or
th
o—
ch
lo
ri
ne
wa
s
pr
es
en
t.
Th
ei
r
st
ud
ie
s
fu
rt
he
r
in
di
ca
te
d
th
e
ab
se
nc
e
of
PC
B—
me
ta
bo
li
c
ac
ti
vi
ty
in
bi
va
lv
es
(M
ag
om
a
ba
lt
hi
ca
).
In
ad
di
ti
on
to
ba
ct
er
ia
,
ot
he
r
gr
ou
ps
of
or
ga
ni
sm
s
se
em
ca
pa
bl
e
of
me
ta
bo
li
zi
ng
th
es
e
P
C
B
co
ng
en
er
s.
In
19
84
,
Fr
ie
s
an
d
Le
e
(F
ri
es
an
d
Le
e,
19
84
)
re
po
rt
ed
a
cl
ea
r
in
cr
ea
se
in
mi
xe
d
fu
nc
ti
on
ox
yd
as
e
(M
FO
)
ac
ti
vi
ty
in
po
ly
ch
ae
te
s
(N
er
ei
s
vi
re
ns
)
ex
po
se
d
to
P
C
B
co
nt
am
in
at
ed
fo
od
.
Si
nc
e
th
en
,
in
cr
ea
si
ng
ev
id
en
ce
ha
s
be
co
me
av
ai
la
bl
e
fo
r
th
e
in
te
ra
ct
io
n
be
tw
ee
n
sp
ec
if
ic
PC
Bs
an
d
M
F
O
in
du
ct
io
n.
On
ly
on
e
ye
ar
la
te
r,
Au
la
ri
ch
an
d
co
—w
or
ke
rs
(A
ul
er
ic
h
et
a1
.
19
85
)
re
po
rt
ed
a
st
ud
y
of
th
e
to
xi
co
dy
na
mi
cs
of
th
re
e
sy
mm
et
ri
ca
l
he
xa
ch
lo
ro
bi
ph
en
yl
s
(P
CB
s
13
6,
15
3
an
d
16
9)
an
d
Ar
oc
lo
r
12
54
in
mi
nk
.
Th
e
co
pl
an
ar
PC
B,
PC
B—
16
9,
ki
ll
ed
50
%
of
th
e
mi
nk
du
ri
ng
a
th
re
e
mo
nt
h
ex
po
su
re
to
a
(w
et
)
di
et
co
nt
ai
ni
ng
0.
1
pp
m
an
d
no
ki
ts
we
re
we
lp
ed
.
Ex
po
su
re
to
a
2.
5
pp
m
di
et
of
Ar
oc
lo
r
12
54
re
su
lt
ed
in
no
mo
rt
al
it
y
an
d
on
ly
a
si
ng
le
ki
t.
Ot
he
r
co
ng
en
er
s
at
co
nc
en
tr
at
io
ns
up
to
5
pp
m
sh
ow
ed
no
ef
fe
ct
ba
se
d
on
th
es
e
pa
ra
me
te
rs
.
Ho
we
ve
r,
al
l
tr
ea
tm
en
ts
sh
ow
ed
ef
fe
ct
s
ba
se
d
on
th
e
ot
he
r
pa
ra
me
te
rs
th
at
we
re
as
se
ss
ed
,
in
cl
ud
in
g
MF
O.
Th
e
ex
tr
em
e
po
te
nt
ia
l
fo
r
to
xi
ci
ty
of
co
pl
an
ar
PC
Bs
wa
s
mo
st
co
nv
in
ci
ng
ly
as
se
ss
ed
by
Ta
na
be
et
a1.
19
87
.
Th
ey
co
mp
ar
ed
th
e
in
vi
tr
o
in
du
ct
io
n
of
tw
o
mi
cr
os
om
al
en
zy
me
s-
ar
yl
hy
dr
oc
ar
bo
n
hy
dr
ox
yl
as
e
(A
HH
)
an
d
et
ho
xy
re
so
ru
fi
n
D—
de
at
hy
la
se
(E
RO
D)
,
by
co
pl
an
ar
PC
Bs
,
di
ox
in
s
an
d
di
be
nz
of
ur
an
s,
us
in
g
co
nc
en
tr
at
io
ns
en
co
un
te
re
d
in
hu
ma
ns
.
Th
e
re
su
lt
s
in
di
ca
te
th
at
co
pl
an
ar
PC
Bs
,
es
pe
ci
al
ly
PC
B—
12
6,
bu
t
al
so
PC
B—
77
an
d
PC
B—
16
9,
po
se
a
gr
ea
te
r
th
re
at
to
hu
ma
ns
an
d
wi
ld
li
fe
th
an
do
di
ox
in
s.
Fu
rt
he
r
wo
rk
co
mp
ar
ed
th
e
re
la
ti
ve
ac
ti
vi
ty
of
PC
B-
me
ta
bo
li
zi
ng
en
zy
me
s
in
di
ff
er
en
t
ma
mm
al
s
an
d
bi
rd
s
(T
an
ab
e
et
a1.
19
88
).
In
co
nc
lu
si
on
,
se
ve
ra
l
sp
ec
ie
s,
su
ch
as
sm
al
l
wh
al
es
an
d
mi
nk
,
ar
e
at
hi
gh
ri
sk
be
ca
us
e
of
the
ir
lo
w
en
zy
me
ac
ti
vi
ty
an
d
co
ns
eq
ue
nt
in
cr
ea
se
d b
od
y b
ur
de
n.
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A
THE LOWER END OF FOOD CHAINS
E
n
v
i
r
o
n
m
e
n
t
a
l
h
a
z
a
r
d
s
a
t
t
h
e
b
a
s
e
o
f
f
o
o
d
c
h
a
i
n
s
h
a
v
e
n
e
v
e
r
b
e
e
n
r
e
p
o
r
t
e
d
in
r
e
l
a
t
i
o
n
to
P
C
B
c
o
n
t
a
m
i
n
a
t
i
o
n
.
A
t
t
h
e
s
a
m
e
t
i
m
e
,
l
a
b
o
r
a
t
o
r
y
s
t
u
d
i
e
s
h
a
v
e
s
h
o
w
n
P
C
B
s
t
o
b
e
t
o
xi
c
o
r
t
o
i
m
p
a
i
r
r
e
p
r
o
d
u
c
t
i
o
n
a
t
a
l
l
t
r
o
p
h
i
c
l
e
v
e
l
s
.
M
a
k
i
a
n
d
J
o
h
n
s
o
n
(
1
9
7
5
)
r
e
p
o
r
t
e
d
r
e
d
u
c
e
d
,
r
e
p
r
o
d
u
c
t
i
o
n
i
n
d
e
p
h
n
i
d
s
.
I
n
e
x
p
e
r
i
m
e
n
t
s
w
i
t
h
c
o
n
t
a
m
i
n
a
t
e
d
d
r
e
d
g
e
d
m
a
t
e
r
i
a
l
,
t
h
e
l
u
g
w
o
r
m
W
m
a
r
i
n
a
)
s
t
r
o
n
g
l
y
a
c
c
u
m
u
l
a
t
e
d
P
C
B
s
a
n
d
p
r
o
d
u
c
e
d
f
e
w
e
r
e
g
g
s
p
e
r
u
n
i
t
w
e
i
g
h
t
o
f
w
o
r
m
'
t
h
a
n
a
c
o
n
t
r
o
l
p
o
p
u
l
a
t
i
o
n
(
B
o
m
e
r
a
n
d
M
a
r
q
u
e
n
i
e
,
1988).
T
h
e
s
e
e
x
p
e
r
i
m
e
n
t
s
a
l
s
o
s
h
o
w
e
d
a
c
l
e
a
r
s
e
a
s
o
n
a
l
t
r
e
n
d
i
n
a
c
c
u
m
u
l
a
t
e
d
P
C
B
s
,
r
e
l
a
t
e
d
t
o
t
h
e
reproductive
cycle.
A
selection
of
congeners
is
shown
in
Figure
l.
T
h
e
large
i
n
c
r
e
a
s
e
o
f
P
C
B
b
o
d
y
b
u
r
d
e
n
in
S
e
p
t
e
m
b
e
r
coincides
w
i
t
h
the
ripening
of
eggs.
O
f
strong
interest
is
the
simultaneous
shift
in
the
ratio
metabolizable/non—
metabolizable
congeners.
It
is
speculated
that
this
shift
is
caused
by
reduced
M
F
O
activity during reproduction.
T
h
e
potential
significance
of
this
finding
is
threefold:
first
of
all
the
exposure
of
predators
varies
with
the
season;
maximum
body
burden
occurs
during
the
sensitive
reproductive
period
(decreased
metabolization)
and
comparison
of
data
can
be
hampered
among
species
or
a
m
o
n
g
years
(monitoring).
It
is,
therefore,
stressed
that
seasonal
variations
in
the
accumulation
of
contaminants
be
closely
investigated
before
routine
monitoring programs are started.
Also,
at
the
terrestrial
basis
of
food
chains,
P
C
B
accumulation
was
observed.
Earthworms
exposed
to
contaminated
dredged
material
readily
accumulated
them
(Marquenie
et
al.
1987).
From
the
reported
data
no
clear
indications
were
found
for
metabolization.
Moreover,
the
concentrations
in
earthworms
were
comparable
to
those
in
mussels.
These
concentrations
caused
impaired
reproduction
in ducks.
Since
mammals
in
general
are
far
more
sensitive
than
other
animals,
soil
contamination
may
well
pose
problems
for
those
mammals
with
a
limited
range
such
as
shrews
and
voles.
I
N
T
E
G
R
A
T
I
O
N
O
F
B
I
O
L
O
G
I
C
A
L
E
F
F
E
C
T
STUDIES
Considerable
literature
has
been
produced
during
the
last
two
decades
on
PCBs
-
their
concentrations
in
organisms
and
their
toxicity.
PCBs
show
an
impact
on
enzymatic
and
hormonal
processes
or
immunosuppression
at
the
lowest
concentrations
detectable.
However,
at
certain
concentrations
they
appear
to
have
no
effect
on
population
parameters.
Certain
mammals
and
birds,
which
share a
complex
enzym—steroid hormone
system,
are
reported
as
extremely
sensitive.
This
sensitivity
is apparently
due
to a
combination of
factors.
The
intake
of
fat
foods
exposes
them
to
high
doses
of
PCBs,
while
enhanced
metabolization
of internal
fat deposits
in the reproductive
phase may
well
mobilize
vast
amounts
of
these
PCBs.
An
additional
PCB
increase
in this phase
is caused
by
the
simultaneously
reduced
MFO
activity,
allowing
metabolizable
congeners
to rise.
Species
with
naturally
low
MFO
activity,
or
those
lacking
specific
enzymes
are
the
first to be
affected.
Moreover,
in many
handbooks on
ecology, populations of such species
are shown
to depend
strongly on the number of youngs produced.
Organisms at the basis of food
chains,
such
as polychaetes
and
daphnids,
may
be
equally affected
in their reproductive
output.
However,
these organisms follow a quite different strategy (r-strategists).
Population size does not depend as much on reproductive output as on food, space and
Predation. Adverse effects are, therefore, unlikely to become apparent at this trophic
level.
Seasonal variations in MFO
activity and
fat content
along with wide
differences
among species in absolute value, all of them following their own phasic rhythm,“ Will place
strong demands
on the
ability to compare
PCB
patterns effectively among
speCies.
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FI
GU
RE
1
SEA
SON
AL
VAR
IAT
ION
OF
SEL
ECT
ED
PCB
CON
GEN
ERS
IN
THE
LUG
NOR
M.
M
A
M
.
C
O
N
C
E
N
T
R
A
T
I
O
N
S
I
N
p
Q
O
—
l
    
A
.
 F
u
r
t
h
e
r
m
o
r
e
,
f
o
o
d
c
h
a
i
n
s
r
e
p
r
e
s
e
n
t
c
o
m
p
l
e
x
n
e
t
w
o
r
k
s
t
h
r
o
u
g
h
o
u
t
t
h
e
e
c
o
s
y
s
t
e
m
.
P
r
e
d
a
t
o
r
s
a
n
d
p
r
e
y
m
a
y
m
i
g
r
a
t
e
,
t
r
a
n
s
p
o
r
t
i
n
g
c
o
n
t
a
m
i
n
a
n
t
s
o
v
e
r
v
a
s
t
distances.
P
r
e
d
a
t
o
r
s
m
a
y
shift
p
r
e
y
d
u
r
i
n
g
a
s
e
a
s
o
n
.
In
a
h
y
p
o
t
h
e
t
i
c
a
l
w
o
r
s
t
c
a
s
e
scenario,
polychaetes
in
their
r
e
p
r
o
d
uc
t
i
ve
p
h
a
s
e
are
heavily
p
r
e
y
e
d
u
p
o
n
b
y
ripening
fish,
wh
i
c
h
in
t
u
r
n
a
r
e
p
r
e
y
e
d
u
p
o
n
b
y
s
e
a
l
s
a
t
t
h
e
o
n
s
e
t
o
f
t
h
e
i
r
o
w
n
r
e
p
r
o
d
u
c
t
i
o
n
.
T
h
e
r
e
f
o
r
e
,
a
p
r
e
d
i
c
t
i
o
n
b
a
s
e
d
o
n
s
e
a
l
s
e
a
t
i
n
g
i
m
m
a
t
u
r
e
fish
t
h
a
t
in
t
u
r
n
h
a
v
e
f
e
d
o
n
s
h
r
i
m
p
o
r
b
i
v
a
l
v
e
s
m
a
y
u
n
d
e
r
e
s
t
i
m
a
t
e
t
h
e
p
r
o
b
l
e
m
.
A
l
l
t
h
e
s
e
f
a
c
t
o
r
s
c
o
m
p
l
i
c
a
t
e
e
n
v
i
r
o
n
m
e
n
t
a
l
h
a
z
a
r
d
a
s
s
e
s
s
m
e
n
t
s
.
O
n
e
simplification,
h
o
w
e
v
e
r
,
is
to
select
c
o
m
m
o
n
o
r
g
a
n
i
s
m
s
o
r
life
stages
w
i
t
h
l
o
w
M
F
O
activity,
a
t
t
h
e
b
a
s
e
o
f
f
o
o
d
chains.
E
x
a
m
p
l
e
s
o
f
s
u
c
h
o
r
g
a
n
i
s
m
s
i
n
c
l
ud
e
m
us
s
e
l
s
,
w
h
i
c
h
a
r
e
w
i
d
e
l
y
u
s
e
d
in
m
o
n
i
t
o
r
i
n
g
,
o
r
e
a
r
t
h
w
o
r
m
s
,
w
h
i
c
h
a
r
e
u
s
e
d
in
bioassays.
A
n
o
t
h
e
r
s
i
m
p
l
i
f
i
c
a
t
i
o
n
is
to
u
s
e
t
h
e
s
e
o
r
g
a
n
i
s
m
s
as
indicators
for
bioavailable
P
C
B
s
.
This
p
r
o
c
e
s
s
m
a
y
a
l
s
o
i
m
p
r
o
v
e
a
n
a
l
y
t
i
c
a
l
c
o
m
p
a
r
a
b
i
l
i
t
y
s
i
n
c
e
t
h
e
m
a
t
r
i
c
e
s
will
b
e
c
o
m
p
a
r
a
b
l
e
.
The
final
simplification
is
to
use
certain
congeners
to
set
critical
levels.
A
l
t
h
o
u
g
h
t
h
e
e
f
f
e
c
t
s
o
f
"
c
o
n
g
e
n
e
r
a
d
d
e
d
t
o
xi
c
i
t
y"
c
e
r
t
a
i
n
l
y
s
h
o
u
l
d
n
o
t
b
e
u
n
d
e
r
-
estimated,
the
strongest
evidence
for
detrimental
effects
is
available
for
non-metaboliz—
able,
M
F
G
—
i
n
d
u
c
i
n
g
congeners,
of
wh
i
c
h
the
coplanar
ones
are
the
m
o
s
t
toxic.
Moreover,
b
e
c
a
us
e
t
h
e
y
are
resistant
to
degradation,
t
h
e
y
p
o
s
e
a
long-term,
global
h
a
z
a
r
d
of
increasing
m
a
g
n
i
t
u
d
e
.
T
o
set
criteria
for
these
c
o
n
g
e
n
e
r
s
is
desirable
but
not
realistic,
since
analyses
are
not
routinely
c
o
n
d
uc
t
e
d
for
them.
T
h
e
significant
relation
observed
b
e
t
w
e
e
n
the
concentrations
of
coplanar
P
C
B
s
a
n
d
"total
P
C
B
"
in
m
a
m
m
a
l
s
(Tanabe
et
al.
1988)
justifies
the
choice
of
other
relatively
stable
congeners.
To
assist
those
involved
in
the
evaluation
of
data
from
musselwatch
programs,
bioassays,
or
related
activities,
critical
concentrations
of
P
C
B
congeners
in
mussels
are
presented
in
Table
4.
T
h
e
concentrations
were
derived
from
the
duck
feeding
study
and
from
mussels
collected
in
the
Dutch
Wadden
Sea.
A
n
estimate
had
to
be
made
for
a
no
effect
level
in
seals,
based
on
the
concentration
differences
in
the
blood
of
seals
from
both test groups.
TABLE 4
C
O
N
C
E
N
T
R
A
T
I
O
N
S
O
F
R
O
U
T
I
N
E
L
Y
ASSESSED
H
I
G
H
E
R
C
H
L
O
R
I
N
A
T
E
D
PCB—CONGENERSIN
MUSSELS
(tthg‘1
ash-free
dry
weight)
WHICH CAN BE RELATED TO
IMPAIRMENT
OF
R
E
P
R
O
D
U
C
T
I
O
N
IN
A
DIRECT
P
R
E
D
A
T
O
R
(B)
A
N
D
IN
A
FISH
CONSUMING
FOOD
CHAIN
(A)
NORMAL
REPRODUCTION
REPRODUCTION
IMPAIRED
A
B
A
B
P
C
B
C
O
N
G
E
N
E
R
(
E
S
T
I
M
A
T
E
)
PCB—138
0.020
0.054
0.092
0.41
PCB—153
0.015
0.039
0.071
0.54
PCB—180
0.005
0.015
0.024
0.19
Surprisingly,
if these
independant
(A
and
B) effect scales are compared,
taking into
account
that
fish,
on
the
average,
contain
about
three
times
as
muchfat
as
mussels,
the
data
become
highly
comparable.
This
comparison
might
further credit
their value.
-57..
 
DUMPING CRITERIA
Ma
rq
ue
ni
e
an
d B
ow
me
r
(19
86)
stu
die
d t
he
bi
oa
cc
um
ul
at
io
n o
f c
on
ta
mi
na
nt
s i
n t
he
lu
gw
or
m
Ar
an
ic
ol
a m
ar
in
a.
Th
e
se
di
me
nt
s
we
re
su
pp
li
ed
by
th
e
Ro
tt
er
da
m
ha
rb
ou
r
au
th
or
it
ie
s
an
d
we
re
dr
ed
ge
d
fr
om
tw
o
ha
rb
ou
r
en
tr
an
ce
s,
Wa
al
ha
ve
n
an
d B
ot
le
k.
Ov
er
90
%
of
the
se
di
me
nt
s f
ro
m W
aa
lh
av
en
ori
gin
ate
fr
om
the
Ri
ve
r R
hi
ne
(Cl
ass
3),
whi
le
the
le
ss
er
co
nt
am
in
at
ed
se
di
me
nt
s
fr
om
Bo
tl
ek
ar
e
a
50
/5
0
mi
xt
ur
e
wi
th
ma
ri
ne
se
di
me
nt
s
(Cl
ass
2).
Th
e
se
di
me
nt
s (
10
m3
eac
h,
40
—6
0%
dr
y m
at
te
r)
we
re
su
sp
en
de
d i
n s
ea
wa
te
r,
usi
ng
a c
em
en
t
mi
xe
r t
o a
ch
ie
ve
22
%
dr
y m
at
te
r a
nd
sei
ved
ov
er
a 2
mm
sc
re
en
be
fo
re
hy
dr
oc
yc
lo
na
ge
.
Th
e
hy
dr
oc
yc
lo
ne
,
a s
ma
ll
mo
de
l
0.5
m
he
ig
ht
wi
th
va
ri
ab
le
ap
ex
di
am
et
er
an
d d
ev
el
op
ed
fo
r e
xp
er
im
en
ta
l
use
,
ha
d
a c
ap
ac
it
y o
f 7
m3
hr
”.
Th
e
ori
gin
al
se
di
me
nt
an
d t
he
co
ar
se
fr
ac
ti
on
we
re
di
re
ct
ly
fe
d i
nt
o t
he
bi
oa
ss
ay
ta
nk
s;
th
e
fi
ne
s w
er
e
fir
st
tr
ap
pe
d i
n a
re
se
rv
oi
r a
nd
di
st
ri
bu
te
d a
ft
er
ini
tia
l s
et
tl
em
en
t.
Ta
nk
s
we
re
se
t u
p
in
dup
lic
ate
; o
ne
ser
ies
wa
s u
se
d f
or
bio
tur
bat
ion
.
In
the
se
co
nd
ex
pe
ri
me
nt
, o
ne
ser
ies
wa
s
us
ed
fo
r b
io
tu
rb
at
io
n.
In
th
at
sa
me
ex
pe
ri
me
nt
,
th
e s
ed
im
en
ts
fr
om
on
e
pa
ir
of
ta
nk
s
(W
aa
lh
av
en
co
ar
se
)
wa
s
re
pl
ac
ed
by
se
di
me
nt
s f
ro
m
th
e W
ad
de
n
Se
a.
In
ad
di
ti
on
,
se
di
me
nt
s
fr
om
on
e s
er
ie
s o
f t
an
ks
we
re
ful
ly
re
su
sp
en
de
d
th
re
e t
im
es
an
d
af
te
r
se
tt
le
me
nt
th
e
wa
te
r
wa
s
re
ne
we
d
(w
as
hi
ng
).
 
Th
e b
ioa
ssa
y t
ank
s u
se
d w
er
e r
ou
nd
an
d m
ad
e o
f p
oly
est
er
(d
ia
me
te
r 2
m,
hei
ght
0.8
mL
).
Ea
ch
ta
nk
wa
s
sup
pli
ed
wi
th
l m
of
sub
str
ate
an
d 1
.5
m3
of
nat
ura
l,
but
fil
ter
ed
se
aw
at
er
, c
ont
inu
ous
ly
sup
pli
ed
at
an
ex
ch
an
ge
rat
e o
f 2
%
hr
”.
Af
te
r c
ons
oli
dat
ion
of
the
fin
es
ha
d s
lo
we
d d
ow
n (
tw
o w
eek
s),
or
ga
ni
sm
s w
er
e e
xp
os
ed
for
60
da
ys
at
nat
ura
l
den
sit
ies
.
In
ea
ch
use
dup
lic
ate
tan
ks
we
re
us
ed
an
d 1
40
Hyt
ilu
s e
dul
is,
75
Ma
cu
aa
bel
thi
ga
an
d 9
0 A
re
ni
gu
la
ma
ri
na
we
re
ex
po
se
d i
n a
sin
gle
ser
ies
to
st
udy
the
eff
ect
of
bio
tur
bat
ion
.
Aft
er
col
lec
tio
n,
A.
mar
ina
was
all
owe
d t
o d
epu
rat
e f
or
24
hou
rs.
 
Th
e e
ffe
cti
ven
ess
of
hyd
roc
ycl
one
tre
atm
ent
is o
bvi
ous
.
On
a d
ry
wei
ght
bas
is,
con
tam
ina
nt
con
cen
tra
tio
ns
in
the
san
dy
fra
cti
on
are
onl
y 3
0%,
co
mp
ar
ed
wit
h t
he
"bu
lk"
sed
ime
nt.
How
eve
r,
as
mig
ht
be
exp
ect
ed
on
the
bas
is
of
org
ani
c c
ont
ent
the
con
cen
tra
tio
ns
rem
ain
ed
the
sa
me
(Ta
ble
5).
Th
e u
se
of
hyd
roc
ycl
one
s c
an
be
ben
efi
cia
l i
n
red
uci
ng
the
loa
d a
nd
dis
per
sal
of
silt
and
ass
oci
ate
d c
ont
ami
nan
ts
dis
pos
ed
of
in o
pen
wat
er
env
iro
nme
nts
, o
r in
red
uci
ng
the
vol
ume
of
mat
eri
al
to b
e p
lac
ed
in c
onf
ine
d
dis
pos
al
site
s, d
epe
ndi
ng
on
the
san
d/s
ilt
rat
io
of
the
dre
dge
d m
ate
ria
l.
How
eve
r,
hyd
roc
ycl
one
s ar
e no
t ef
fect
ive
in r
edu
cin
g bi
oac
cum
ula
tio
n (T
able
6).
TABLE 5
CON
CEN
TRA
TIO
NS
(dry
weig
ht)
OF
SEL
ECT
ED
CON
TAM
INA
NTS
IN B
OTL
EK
SED
IME
NTS
AND
ITS
TWO
FRA
CTI
ONS
. C
ONC
ENT
RAT
ION
S IN
SED
IME
NTS
FROM WAALHAVEN ARE ABOUT THREE TIMES HIGHER
(Hg and organic contaminants), THE SAND FRACTION IS
1/3 LOWER. CONCENTRATIONS BASED ON ORGANIC MATTER
ARE GIVEN IN PARENTHESIS.
Cd Hg PCBSZ PCBl55 ‘BaP
mg/kg mg/kg ug/kg ug/kg ug/kg
Fine. 1 (71) 2.30 (14) 59.8 (360) (280) 705 (4200)
Original (38) 1.70 (13) 37.9 (230) (210) 585 (4300)
(190) 175 (2600)
(240) 35 (1400)
"5
8'
*7
i
H
N
A
9
3
9
5
”
?
N
N
O
O
U
I
1.9
5.1
Coarse 1.5 (22) 0.70 (10) 17.4 (260)
Wadden Sea 0.2 (9) 0.05 (2) 15.1 (590)
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5
.
.
.
»
.
.
.
L
u
g
e
-
w
h
o
.
s
.
M
.
.
‘
r
S
E
A
S
O
N
A
L
V
A
R
I
A
T
I
O
N
O
F
P
C
B
—
1
5
3
(
p
g
-
g
‘
1
a
s
h
-
f
r
e
e
d
r
y
w
e
i
g
h
t
)
I
N
A
.
m
a
r
i
n
a
E
X
P
O
S
E
D
T
O
D
I
F
F
E
R
E
N
T
S
E
D
I
M
E
N
T
S
 
F
E
B
.
M
A
Y
J
U
N
E
A
U
G
.
S
E
P
T
.
O
C
T
.
D
E
C
.
j. t
y.
3.
21.!»
5.}
.
F
i
n
e
0
.
1
7
0
.
9
9
0
.
4
7
0
.
1
7
O
r
i
g
i
n
a
l
0
.
4
1
0
.
7
0
0
.
3
1
0
.
1
7
C
o
a
r
s
e
0
.
2
0
0
.
6
7
0
.
4
3
0
.
2
4
W
a
d
d
e
n
S
e
a
0
.
2
9
0
.
2
8
C
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
P
C
B
s
a
n
d
P
A
H
s
s
t
r
o
n
g
l
y
i
n
c
r
e
a
s
e
d
a
b
o
v
e
b
a
c
k
g
r
o
u
n
d
l
e
v
e
l
s
i
n
A
.
m
a
r
i
n
a
.
I
n
a
d
d
i
t
i
o
n
,
P
C
B
s
i
n
c
r
e
a
s
e
d
f
a
r
a
b
o
v
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
h
a
r
m
f
u
l
f
o
r
t
o
p
p
r
e
d
a
t
o
r
s
.
A
s
i
n
d
i
c
a
t
e
d
in
t
h
e
p
r
e
v
i
o
u
s
s
e
c
t
i
o
n
,
t
h
e
y
s
h
o
w
a
c
l
e
a
r
v
a
r
i
a
t
i
o
n
w
i
t
h
t
h
e
r
e
p
r
o
d
u
c
t
i
v
e
c
yc
l
e
.
H
o
w
e
v
e
r
,
h
a
r
d
l
y
a
n
y
d
i
f
f
e
r
e
n
c
e
s
w
e
r
e
f
o
u
n
d
in
c
o
n
c
e
n
t
r
a
t
i
o
n
s
r
e
l
a
t
e
d
t
o
t
r
e
a
t
m
e
n
t
(
h
y
d
r
o
c
y
c
l
o
n
a
g
e
,
T
a
b
l
e
6;
b
i
o
t
u
r
b
a
t
i
o
n
,
o
r
w
a
s
h
i
n
g
)
.
A
c
o
m
p
a
r
i
s
o
n
o
f
t
h
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
o
r
g
a
n
i
c
c
o
n
t
a
m
i
n
a
n
t
s
in
e
x
p
o
s
e
d
o
r
g
a
n
i
s
m
s
w
i
t
h
t
h
o
s
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
in
t
h
e
d
i
f
f
e
r
e
n
t
s
u
b
s
t
r
a
t
e
s
s
h
o
w
s
t
h
a
t
b
i
o
u
p
t
a
k
e
is
a
f
f
e
c
t
e
d
b
y
t
h
e
p
r
e
s
e
n
c
e
o
f
t
h
e
o
r
g
a
n
i
c
m
a
t
t
e
r
in
t
h
e
substrate.
T
h
i
s
c
o
n
c
l
u
s
i
o
n
is
in
a
g
r
e
e
m
e
n
t
w
i
t
h
results
f
r
o
m
o
t
h
e
r
s
t
ud
i
e
s
(
R
u
b
i
n
s
t
e
i
n
et
al.
1983;
L
a
n
g
s
t
o
n
1982).
  
f
It
m
a
y
b
e
c
o
n
c
l
u
d
e
d
t
h
a
t
t
h
e
final
c
o
n
c
e
n
t
r
a
t
i
o
n
in
t
h
e
o
r
g
a
n
i
s
m
is
a
function
o
f
tissue
c
o
m
p
o
s
i
t
i
o
n
(fat,
g
l
y
c
o
g
e
n
,
etc.)
a
n
d
t
h
e
o
r
g
a
n
i
s
m
'
s
ability
to
m
e
t
a
b
o
l
i
z
e
specific
c
o
m
p
o
u
n
d
s
.
, 1'};
A
s
a
c
o
n
s
e
q
u
e
n
c
e
,
the
criteria
for
P
C
B
c
o
n
t
a
m
i
n
a
t
e
d
s
e
d
i
m
e
n
t
s
should
b
e
formulated
as
concentrations
b
a
s
e
d
o
n
organic
.matter.
C
o
n
c
e
n
t
r
a
t
i
o
n
s
b
a
s
e
d
o
n
dry
we
i
g
h
t
are
15;“
w
o
r
t
h
l
e
s
s
f
r
o
m
a
n
y
p
o
i
n
t
o
f
v
i
e
w
.
 
A
V
I
E
W
T
O
T
H
E
F
U
T
U
R
E
:
E
X
T
I
N
C
T
I
O
N
O
F
A
L
L
F
I
S
H
-
E
A
T
I
N
G
M
A
M
M
A
L
S
{it
Polychlorinated
biphenyls
is
the
n
a
m
e
for
an
assembly
of
209
theoretical
congeners.
Their
production
started
in
1929
and
they
have
b
e
c
o
m
e
widely
used
in
several
technical
my
mixtures
since
the
early
fifties.
D
u
e
to
the
severe
environmental
effects
which
they
have
caused,
restrictive
legislation
was
introduced
in
the
mid—seventies.
However,
point
source
discharges
still
exist
and
the
reproduction
of
top
predators
continues
to
be
affected
over
large
geographic
areas.
Moreover,
despite
severe
warnings,
PCBs
are
still
being
produced
and
used.
A
n
estimate
of
the
world's
production
is
s
h
o
w
n
in
Table
7.
Roughly
l/3
of
this
production
"disappeared"
in
the
environment:
PCBs
were
spilled
in
accidents,
they
leaked
or
were
used
in
so-called
"open
systems"
such
as
paints
and
plastics.
Provided
that
the
other
2/3
are
secure,
the
above
information
can
be
used
for
a
g
l
o
b
a
l
r
i
s
k
a
s
s
e
s
s
m
e
n
t
.
It was
shown
that
fish-eating
mammals
are
at great
risk.
From
studies
in the
.
Netherlands,
it
was
concluded
that
only
35%
of
the
female
seals
became
pregnant
With
a
PCB bOdy burden of 700 ug-g‘1 of fat. In a study of a population from much further north
reproduction
seemed
normal
(85%
pregnant
females) at a concentration of 70 ugfgj'l fat.
H°W§Ven at this level California sea lions were giving birth prematurely. In addition,
warnings
were
given
for
dolphins,
which
are
extremely
sensitive
due
to
their
low
M
F
O
a
c
t
i
v
i
t
y
.
 TABLE 7
WORLD PRODUCTION OF PCBs IN kg
PE
RI
OD
AM
OU
NT
PR
OD
UC
ED
19
29
—1
96
0
0.7
5 X
109
19
60
—1
97
0
0.3
5 X
109
19
70
—1
98
0
0.2
8 X
109
19
80
-1
99
0
0.1
5 X
109
(1)
TO
TA
L
1.5
3 X
109
(1)Estimated from decline in production
l980(-l984) 16.5 X 106 kg-yr‘1
l984(—l990) 10.0 X 106 kg-yr“1
The
app
lic
ati
on o
f a
nor
mal
saf
ety
fac
tor
of
10
to
rep
ort
ed
no—
eff
ect
con
cen
tra
tio
ns
yie
lds
a "
saf
e"
lev
el o
f a
rou
nd
7 p
g-g
‘1
of
fat.
Acc
ord
ing
to
two
rec
ent
pap
ers
(Th
oma
s
and
Rob
ins
on,
198
8;
de
Koc
k a
nd
Lor
d,
198
8),
this
lev
el h
as
now
bee
n r
eac
hed
by
sea
ls
fro
m Ba
ffin
Isla
nd a
nd p
eng
uin
s f
rom
Anta
rcti
ca.
Sinc
e th
e fi
rst
env
iro
nme
nta
l ef
fect
s of
PCB
s w
ere
not
ice
d in
the
ear
ly s
ixti
es,
the
glo
bal
rise
in P
CBs
is e
sti
mat
ed
at
35
ug-
g‘1
of f
at,
per
cent
ury.
As
a re
sult
, no
—ef
fec
t le
vels
in s
eals
may
be r
eac
hed
in 2
00 y
ear
s an
d
in dolphins within the next century throughout the world.
Sin
ce s
tudi
es h
ave
sho
wn
that
orga
nic
mat
ter
is t
he k
ey
fact
or d
ete
rmi
nin
g th
e
bioa
vail
abil
ity
of P
CBs
, gl
obal
bud
get
s sh
ould
be
calc
ulat
ed o
n a
n or
gan
ic m
att
er b
asis
. I
f
we
ass
ume
an a
ver
age
of 0
.1 g
orga
nic
car
bon
per
m3
of w
ater
, th
is y
ield
s an
est
ima
te o
f
1.37
x 10
1‘ k
g or
gani
c ca
rbon
for a
ll ma
rine
wate
rs.
If we
assu
me a
n av
erag
e se
dime
nt
mixi
ng z
one
of 1
0 cm
, wi
th 1
0 or
gani
c ca
rbon
cont
ent
for
the
top
1 cm
and
0.1%
for
the
next
9 cm
, an
d a d
ensi
ty 1
550
kg-m
3, t
his y
ield
s an
esti
mate
for
glob
al s
edim
ent
orga
nic
carbon of 1.12 X 101‘ kg. The present levels in polar organisms may be related to the
concentrations of organic carbon in their environment (10 ugog'l). Based on these
calc
ulat
ions
, at
least
0.2%
of t
he w
orld
prod
ucti
on h
as r
each
ed t
he o
cean
s. H
owev
er,
at
present 30% of that amount can no longer be accounted for. Therefore, the potential
exists
for m
arine
mamm
als
world
wide
to re
ach l
evels
far a
bove
1000
pug-g
"1 of
fat if
they
survxve.
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to
th
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Th
e
pr
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co
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st
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se
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ti
on
fo
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ed
by
de
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te
ri
ng
or
de
co
nt
am
in
at
io
n
of
th
e
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im
e
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in
e
pa
rt
ic
le
s
an
d
or
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ni
c
ma
tt
er
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Fi
rs
t,
th
e
se
di
me
nt
is
su
bj
ec
te
d
to
hy
dr
oc
yc
lo
ne
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ca
ti
on
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Hy
dr
oc
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lo
ne
s
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ra
te
th
e
se
di
me
nt
in
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lo
w
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is
ti
ng
ma
in
ly
of
sa
nd
an
d
an
ov
er
fl
ow
co
ns
is
ti
ng
of
sl
im
e.
It
is
kn
ow
n
th
at
,
co
mp
ar
ed
wi
th
th
e
co
ar
se
sa
nd
fr
ac
ti
on
,
co
nt
am
in
an
t
co
nc
en
tr
at
io
ns
ar
e
hi
gh
in
fi
ne
an
d
or
ga
ni
c
ma
te
ri
al
s.
He
nc
e,
th
e
hy
dr
oc
yc
lo
ne
se
pa
ra
ti
on
di
vi
de
s
th
e
se
di
me
nt
in
to
a
re
la
ti
ve
ly
"c
le
an
"
pa
rt
(s
an
d)
an
d
a
pa
rt
in
wh
ic
h
co
nt
am
in
at
io
n
is concentrated (slime).
De
wa
te
ri
ng
of
th
e
co
nt
am
in
at
ed
sl
im
e
fr
ac
ti
on
re
su
lt
s
in
a v
ol
um
e
re
du
ct
io
n
of
th
e
ma
te
ri
al
to
be
di
sp
os
ed
of.
De
wa
te
ri
ng
of
sl
ud
ge
s
is
of
te
n
ap
pl
ie
d
in
en
vi
ro
nm
en
ta
l
technology.
Kn
ow
n
te
ch
ni
qu
es
ar
e:
se
di
me
nt
at
io
n,
ce
nt
ri
fu
ga
ti
on
,
be
lt
—p
re
ss
fi
lt
ra
ti
on
an
d
press-filter filtration.
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 I
n
o
r
d
e
r
t
o
r
e
a
c
h
a
h
i
g
h
v
o
l
u
m
e
r
e
d
u
c
t
i
o
n
,
a
m
e
c
h
a
n
i
c
a
l
d
e
w
a
t
e
r
i
n
g
t
e
c
h
n
i
q
u
e
is
o
f
t
e
n
u
s
e
d
.
L
a
r
g
e
m
e
c
h
a
n
i
c
a
l
d
e
w
a
t
e
r
i
n
g
e
q
u
i
p
m
e
n
t
h
a
s
a
m
a
x
i
m
u
m
c
a
p
a
c
i
t
y
o
f
a
b
o
u
t
5
0
[11301],
5
0
i
n
t
e
g
r
a
t
i
o
n
o
f
s
l
i
m
e
d
e
w
a
t
e
r
i
n
g
in
t
h
e
d
r
e
d
g
i
n
g
o
p
e
r
a
t
i
o
n
(
5
0
-
2
0
0
m
a
h
)
c
a
n
c
a
u
s
e
a
c
a
p
a
c
i
t
y
p
r
o
b
l
e
m
.
M
u
l
t
i
p
l
y
i
n
g
t
h
e
n
u
m
b
e
r
o
f
d
e
w
a
t
e
r
i
n
g
a
p
p
a
r
a
t
u
s
is
n
o
t
f
e
a
s
i
b
l
e
because
of
high
costs
a
n
d
the
space
required
b
y
such
equipment.
D
e
c
o
n
t
a
m
i
n
a
t
i
o
n
m
e
a
n
s
a
s
e
p
a
r
a
t
i
o
n
o
f
t
h
e
c
o
n
t
a
m
i
n
a
n
t
f
r
o
m
t
h
e
s
e
d
i
m
e
n
t
p
a
r
t
i
c
l
e
s
.
T
h
e
r
e
is
n
o
u
n
i
v
e
r
s
a
l
m
e
t
h
o
d
t
o
t
r
e
a
t
all
p
o
s
s
i
b
l
e
c
o
n
t
a
m
i
n
a
n
t
s
.
T
h
e
t
e
c
h
n
i
q
u
e
s
t
h
a
t
m
a
y
b
e
applied
a
r
e
d
i
v
i
d
e
d
into
t
e
c
h
n
i
q
u
e
s
for
r
e
m
o
v
i
n
g
h
e
a
v
y
metals,
a
n
d
t
e
c
h
n
i
q
ue
s
for
removing organic contaminants.
H
e
a
v
y
m
e
t
a
l
r
e
m
o
v
a
l
f
r
o
m
s
o
i
l
s
a
n
d
s
e
d
i
m
e
n
t
s
c
a
n
b
e
a
c
h
i
e
v
e
d
b
y
t
h
e
a
p
p
l
i
c
a
t
i
o
n
o
f
s
e
ve
r
a
l
t
e
c
h
n
i
q
u
e
s
:
l
e
a
c
h
i
n
g
b
y
acid,
l
e
a
c
h
i
n
g
b
y
c
o
m
p
l
e
x
i
n
g
a
g
e
n
t
s
,
biological
l
e
a
c
h
i
n
g
by
Thiobacillus,
599.
and
an
electrochemical
method.
T
h
e
r
e
s
u
l
t
s
s
t
r
o
n
g
l
y
d
e
p
e
n
d
o
n
t
h
e
p
o
l
l
u
t
a
n
t
i
n
v
o
l
v
e
d
(e.g.
l
e
a
c
h
i
n
g
o
f
c
a
d
m
i
u
m
a
n
d
zinc
is
v
e
r
y
successful,
w
h
e
r
e
a
s
the
results
for
m
e
r
c
u
r
y
are
minor).
T
e
c
h
n
i
q
u
e
s
f
o
r
t
h
e
r
e
m
o
v
a
l
o
f
o
r
g
a
n
i
c
c
o
n
t
a
m
i
n
a
n
t
s
c
a
n
b
e
d
i
v
i
d
e
d
i
n
t
o
c
o
n
c
e
n
t
r
a
t
i
o
n
and destruction techniques.
 
C
o
n
c
e
n
t
r
a
t
i
o
n
t
e
c
h
n
i
q
u
e
s
D
e
s
t
r
u
c
t
i
o
n
t
e
c
h
n
i
q
ue
s
solvent
extraction
incineration
flotation
biodegradation
s
t
e
a
m
stripping
hydrolysis
washing
A
s
a
n
e
x
a
m
p
l
e
of
a
n
organic
contaminant,
Polynuclear
A
r
o
m
a
t
i
c
Hydrocarbons
(PAHs)
are
chosen.
T
e
c
h
n
i
q
ue
s
investigated
so
far
are
solvent
extraction,
washing
and
biodegradation.
I
N
T
R
O
D
U
C
T
I
O
N
In
the
Netherlands
pollution
of
aquatic
sediments
is
a
high
priority
problem.
The
disposal
of
dredged
material
is
complicated
as
sediment
pollution
presents
a
potential
long—term
threat
to
aquatic
life.
The
main
problems
areas
are
the
sedimentation
zones
of
the
rivers
Rhine,
M
e
u
s
e
and
Scheldt;
local
point
sources
and
diffuse
sources,
however,
h
a
ve
also
c
a
u
s
e
d
s
e
d
i
m
e
n
t
c
o
n
t
a
m
i
n
a
t
i
o
n
in
regional
waters.
This
paper
will
pay
attention
to
Dutch
research
into
this
problem
and
particularly
to
r
e
s
e
a
r
c
h
i
n
t
o
r
e
m
e
d
i
a
t
i
o
n
t
e
c
h
n
o
l
o
g
y
.
R
E
S
E
A
R
C
H
I
N
T
O
C
O
N
T
A
M
I
N
A
T
E
D
S
E
D
I
M
E
N
T
S
In
the
sixties
we
were
confronted
with
the
pollution
of
rivers
and
other
watercourses
by heavy
metals
and organic
micropollutants.
It was not realized at
the time
that not only
the
water,
but
also
the
sediment
was
polluted.
In
the
Rotterdam
area,
in
the
seventies,
People
became
aware
that
the
dredged
material
was
polluted
in such
a way
that dispersmn
of
the
sediment
into
the
environment
was
not
acceptable.
We
now
know
that
100
million
“13 of sediment
is contaminated,
5
to
10 million of which is heavily contaminated.
This
new
environmental
problem
demands
a
national,
probably
even
an
international,
policy.
—
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r
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a
l
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Po
li
cy
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rm
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at
io
n
re
qu
ir
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kn
ow
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e
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e
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ig
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th
e
po
ll
ut
io
n
an
d
in
vo
lv
es
th
e
se
tt
in
g
of
st
an
da
rd
s
w
h
i
c
h
de
fi
ne
th
e
c
o
m
p
o
s
i
t
i
o
n
of
n
o
n
p
o
l
l
ut
e
d
aq
ua
ti
c
so
il
s
a
n
d
th
e
a
c
c
e
p
t
a
b
l
e
c
o
n
t
a
m
i
n
a
n
t
le
ve
ls
fo
r
di
ff
er
en
t
si
te
s.
Pr
ov
id
in
g
a
so
lu
ti
on
m
e
a
n
s
th
e
te
ch
no
lo
gi
ca
l
a
b
a
t
e
m
e
n
t
of
po
ll
ut
io
n
so
ur
ce
s
a
n
d
s
e
d
i
m
e
n
t
re
st
or
at
io
n.
In
th
e
m
a
n
a
g
e
m
e
n
t
ph
as
e,
po
ll
ut
io
n
co
nt
ro
l
ha
s
b
e
e
n
a
c
h
i
e
v
e
d
a
n
d
th
e
p
r
e
c
e
d
i
n
g
p
h
a
s
e
s
h
a
v
e
b
e
e
n
op
ti
mi
ze
d.
R
e
s
e
a
r
c
h
is
n
e
e
d
e
d
in
e
a
c
h
p
h
a
s
e
of
th
e
po
li
cy
li
fe
cy
cl
e.
F
i
g
ur
e
1
il
lu
st
ra
te
s
th
e
re
se
ar
ch
ef
fo
rt
in
th
e
va
ri
ou
s
st
ag
es
.
Du
ri
ng
th
e
id
en
ti
fi
ca
ti
on
a
n
d
th
e
po
li
cy
fo
rm
ul
at
io
n,
th
is
ef
fo
rt
in
cr
ea
se
s
to
a
m
a
x
i
m
u
m
at
th
e
e
n
d
of
th
e
po
li
cy
f
o
r
m
u
l
a
t
i
o
n
ph
as
e.
In
th
e
m
a
n
a
g
e
m
e
n
t
ph
as
e,
th
e
r
e
s
e
a
r
c
h
ef
fo
rt
le
ve
l
is
co
ns
ta
nt
.
N
o
t
on
ly
th
e
re
se
ar
ch
ef
fo
rt
,
bu
t
al
so
th
e
ty
pe
of
re
se
ar
ch
di
ff
er
s
f
r
o
m
on
e
ph
as
e
to
th
e
ot
he
r.
Su
rv
ey
in
g
po
ll
ut
ed
se
di
me
nt
s
an
d
ba
si
c
re
se
ar
ch
ar
e
to
pi
cs
at
th
e
st
ar
t
of
th
e
li
fe
cy
cl
e;
la
te
r
on
,
th
e
to
pi
cs
ar
e
re
st
or
at
io
n
an
d
co
nt
ro
l.
T
h
e
po
li
cy
st
at
us
in
T
h
e
Ne
th
er
la
nd
s
ca
n
be
di
st
in
gu
is
he
d
by
t
wo
ca
se
s:
th
e
po
li
cy
de
ve
lo
pm
en
t
in
th
e
Ro
tt
er
da
m
ar
ea
an
d
in
th
e
re
st
of
Th
e
Ne
th
er
la
nd
s.
In
Ro
tt
er
da
m
so
lu
ti
on
s
ha
ve
be
en
fo
un
d
fo
r
th
e
di
sp
os
al
of
dr
ed
ge
d
sl
ud
ge
s
up
to
th
e
ye
ar
20
00
.
Fo
r
th
e
re
st
of
th
e
Ne
th
er
la
nd
s,
po
li
cy
is
on
ly
in
th
e
id
en
ti
fi
ca
ti
on
ph
as
e.
Th
e
R
o
t
t
e
r
d
a
m
so
lu
ti
on
s
ar
e:
-
Sl
ig
ht
ly
co
nt
am
in
at
ed
se
di
me
nt
is
di
sp
os
ed
of
at
se
a.
—
Mo
de
ra
te
ly
co
nt
am
in
at
ed
se
di
me
nt
is
di
sp
os
ed
of
in
th
e
Sl
uf
te
r.
Th
is
is
a
di
sp
os
al
si
te
in
th
e
No
rt
h
Se
a
en
cl
os
ed
by
a
di
ke
.
It
s
ca
pa
ci
ty
is
ab
ou
t
20
0
mi
ll
io
n
m3
.
Th
e
di
sp
os
al
co
st
s
ar
e
ab
ou
t
$1
.0
0
(C
an
ad
ia
n)
-m
3.
-
He
av
il
y
co
nt
am
in
at
ed
se
di
me
nt
fr
om
ha
rb
ou
rs
is
di
sp
os
ed
of
in
a
sp
ec
ia
l
di
sp
os
al
fa
ci
li
ty
on
la
nd
,
th
e
Pa
rr
ot
be
ak
.
Em
is
si
on
of
po
ll
ut
an
ts
in
to
th
e
so
il
is
re
st
ri
ct
ed
by
a
fo
il
.
He
re
th
e
di
sp
os
al
co
st
s
ar
e
ab
ou
t
$1
0.
00
to
$1
5.
00
(C
an
ad
ia
n)
°m
3.
Th
e
ca
pa
ci
ty
of
th
is
di
sp
os
al
si
te
is
ab
ou
t
1.
5
mi
ll
io
n
m3
.
It
is
a
te
mp
or
ar
y
du
mp
si
te
to
be
cl
ea
ne
d
on
ce
te
ch
no
lo
gy
is
av
ai
la
bl
e.
Th
e
mo
st
im
po
rt
an
t
pa
rt
of
th
e
Ro
tt
er
da
m
po
li
cy
is
th
e
pr
ev
en
ti
on
of
po
ll
ut
io
n
in
th
e
Rh
in
e,
in
or
de
r
to
mi
ni
mi
ze
se
di
me
nt
co
nt
am
in
at
io
n.
Du
tc
h
re
se
ar
ch
in
to
co
nt
am
in
at
ed
te
rr
es
tr
ia
l
an
d
aq
ua
ti
c
so
il
s
is
br
ou
gh
t
to
ge
th
er
in
a
Na
ti
on
al
Re
se
ar
ch
Pr
og
ra
m.
Th
is
co
or
di
na
ti
ng
pr
og
ra
m
is
in
ad
di
ti
on
to
ex
is
ti
ng
re
se
ar
ch
.
It
is
fu
nd
ed
by
th
e
Mi
ni
st
ri
es
of
Sc
ie
nc
e,
En
vi
ro
nm
en
t,
Ag
ri
cu
lt
ur
e
an
d
Wa
te
r
Ma
na
ge
me
nt
.
Th
e
to
ta
l
bu
dg
et
is
ab
ou
t
$3
5
mi
ll
io
n
(C
an
ad
ia
n
do
ll
ar
s)
fo
r
fo
ur
ye
ar
s.
Th
e
fa
ct
. t
ha
t
re
se
ar
ch
in
to
bo
th
te
rr
es
tr
ia
l
an
d
aq
ua
ti
c
so
il
s
is
in
cl
ud
ed
,
ca
n
be
re
ga
rd
ed
as
an
important aspect.
-64-
 The program
is divided into two main fields:
_
T
h
e
first
is
b
a
s
i
c
r
e
s
e
a
r
c
h
i
n
t
o
t
e
r
r
e
s
t
r
i
a
l
a
n
d
a
q
u
a
t
i
c
soils,
i
n
c
l
u
d
i
n
g
t
h
e
a
n
a
l
y
s
i
s
o
f
soil
f
u
n
c
t
i
o
n
s
a
n
d
p
r
o
c
e
s
s
e
s
.
It
c
a
n
b
e
d
i
s
t
i
n
g
u
i
s
h
e
d
b
y
t
h
r
e
e
categories, that is,
o
variability
of
sediment
quality
0
physical
and
chemical
processes
0 environmental effects
..
T
h
e
o
t
h
e
r
m
a
i
n
field
o
f
t
h
e
p
r
o
g
r
a
m
is
t
h
e
d
e
v
e
l
o
p
m
e
n
t
o
f
a
t
e
c
h
n
o
l
o
g
y
for
pollution
p
r
e
ve
n
t
i
o
n
a
n
d
r
e
m
e
d
i
a
l
action,
as
well
as
the
d
e
v
e
l
o
p
m
e
n
t
of
a
policy
instrument
to
weigh
alternative
solutions.
This
paper
will
not
pay
m
u
c
h
attention
to
the
basic
research,
but
ratherto
the
development of technology.
TANDARD
Standards
are
not
a
matter
of
research
alone,
but
of
political
decision
which
is partly
based
on
environmental
research.
The
Dutch
environmental
pollution
standards
are
traditionally
based
on
contaminant
contents.
The
advantages
of
such
standards
are
simplicity and
absence
of
ambiguity.
A
disadvantage
is the
lack
of ecological
impact.
The
draft
national
standards
for contaminated
aquatic
soils
suggest
that not only
the
total contaminant
contents
should
be
used,
but
also contents related
to
the sorption
properties
of
the
soil.
It is
known
that
heavy
metals
are
mainly
adsorbed by
the
clay
fraction and
the
organic
matter
in
the
soil,
whereas
the
hydrophobic
organic
micropollutants
are
mainly
adsorbed
by
the
organic
matter.
The
content
of clay
and
organic
matter,
therefore,
defines
the
sorption
properties of
the
soil.
The draft
standards are based on
a
standard sediment
with a clay (<2 um) content of
-
25%
by
weight
and
an
organic
content of
10%.
The
actual
contaminant content of any
sediment is converted
to the standard sediment
by
a correction of the clay and organic
matter content.
Considerable discussion has taken place on values or contaminant concentrations.
Two values have to be defined.
Firstof all, the target value,
this is the contaminant level
that is accepted as a natural level.
The other value is the limit value when contaminant
concentrations
exceed
this
level,
remedial
action
has
to
be
taken.
In Rotterdam policymakers could not wait for national standards, because'they had to
take action.
Therefore, some years ago, contaminant concentrations were defined With
respect to the destination of the sediment after dredging, that is, sea, Slufter or
Parrotbeak on land.
Table 1 shows these values for some contaminants.
D
E
V
E
L
O
P
M
E
N
T
O
F
T
E
C
H
N
O
L
O
G
Y
T
e
c
h
n
o
l
o
g
y
c
a
n
b
e
divided
into:
-
technology
to
prevent
pollution
-
remedial
technology
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 Re
se
ar
ch
int
o p
re
ve
nt
io
n i
s d
ire
cte
d t
ow
ar
ds
the
re
du
ct
io
n o
f p
oll
uti
on
du
e
to
poi
nt
so
ur
ce
s a
s w
el
l
as
di
ff
us
e s
ou
rc
es
.
To
pr
ev
en
t
po
ll
ut
io
n b
y p
oi
nt
so
ur
ce
s
me
an
s
wa
st
e—
wa
te
r
tr
ea
tm
en
t,
cl
ea
n t
ec
hn
ol
og
y a
nd
so
on.
Re
me
di
al
ac
ti
on
me
an
s,
fo
r i
ns
ta
nc
e,
de
ve
lo
pm
en
t
of
re
st
or
at
io
n
te
ch
no
lo
gy
an
d
st
ud
ie
s o
n t
he
di
sp
os
al
pos
sib
ili
tie
s o
f
co
nt
am
in
at
ed
se
di
me
nt
s.
Al
so
ve
ry
im
po
rt
an
t
is
th
e d
ev
el
op
me
nt
of
in
st
ru
me
nt
s
fo
r
po
li
cy
ma
ke
rs
an
d
de
ci
si
on
ma
ke
rs
to
ma
ke
th
e
ri
gh
t c
ho
ic
e.
So
me
ex
am
pl
es
of
re
se
ar
ch
pr
oj
ec
ts
in
th
e f
iel
d o
f p
re
ve
nt
io
n
ar
e m
en
ti
on
ed
he
re
.
Fir
st,
the
res
ult
s o
f a
n i
nve
sti
gat
ion
int
o t
he
rel
ati
on
of
shi
pya
rd
act
ivi
tie
s a
nd
se
di
me
nt
pol
lut
ion
.
At
a s
hi
py
ar
d i
n t
he
Ro
tt
er
da
m
ar
ea
,
a m
as
s
ba
la
nc
e o
f c
on
ta
mi
na
nt
s
an
d
se
di
me
nt
ha
s b
ee
n
ma
de
ov
er
a p
er
io
d o
f s
ix
mo
nt
hs
.
Ta
bl
e
2 s
ho
ws
th
e
co
nt
ri
bu
ti
on
of
var
iou
s s
hip
yar
d a
cti
vit
ies
to
sed
ime
nt
pol
lut
ion
in
a q
ual
ita
tiv
e w
ay.
It
app
ear
s t
hat
gri
t
bl
as
ti
ng
an
d o
ve
rs
pr
ay
in
g
du
ri
ng
pa
in
t
ap
pl
ic
at
io
n a
re
th
e
ma
in
so
ur
ce
s o
f
se
di
me
nt
pol
lut
ion
.
It
mu
st
be
em
ph
as
iz
ed
th
at
thi
s i
nv
es
ti
ga
ti
on
wa
s
ca
rr
ie
d o
ut
at
a
sh
ip
ya
rd
wh
er
e
al
re
ad
y f
ar
—r
ea
ch
in
g
me
as
ur
es
to
re
du
ce
po
ll
ut
io
n h
ad
be
en
ta
ke
n.
Fu
rt
he
r
re
se
ar
ch
is
fo
cu
ss
ed
on
th
e r
ed
uc
ti
on
of
em
is
si
on
s
by
gri
t b
la
st
in
g a
nd
ov
er
sp
ra
y.
An
ot
he
r
ex
am
pl
e o
f r
es
ea
rc
h i
nt
o p
re
ve
nt
io
n i
s t
ha
t
in
to
di
ff
us
e
so
ur
ce
s.
Kn
ow
le
dg
e
of
so
ur
ce
s
is,
of
co
ur
se
,
es
se
nt
ia
l f
or
pr
ev
en
ti
ve
ac
ti
on
s.
In
thi
s r
es
pe
ct
,
an
in
ve
nt
or
y o
f
va
ri
ou
s d
if
fu
se
so
ur
ce
s
in
re
la
ti
on
to
va
ri
ou
s
co
nt
am
in
an
ts
ha
s b
ee
n
ma
de
(T
ab
le
3).
Re
ma
rk
ab
le
is
th
e h
ig
h c
on
tr
ib
ut
io
n o
f a
tm
os
ph
er
ic
de
po
si
ti
on
to
wa
te
r p
oll
uti
on.
Fin
all
y,
th
e N
at
io
na
l R
es
ea
rc
h
Pr
og
ra
m
on
Soi
ls
al
so
in
cl
ud
es
a
de
ci
si
on
mo
de
l.
Wa
te
r m
an
ag
em
en
t i
n t
he
Net
her
lan
ds
is v
ery
com
ple
x.
The
re
are
abo
ut
for
ty
wat
er
aut
hor
iti
es
on
dif
fer
ent
pol
iti
cal
lev
els
.
Thu
s,
the
re
are
ma
ny
de
ci
si
on
ma
ke
rs
in
the
Ne
th
er
la
nd
s d
eal
ing
wi
th
se
di
me
nt
ma
na
ge
me
nt
.
An
in
st
ru
me
nt
wil
l b
e e
vo
lv
ed
to
sup
por
t
loc
al
de
ci
si
on
ma
ke
rs
.
Thi
s i
ns
tr
um
en
t
inv
olv
es:
— the generation of alternatives
-
an
est
ima
tio
n o
f t
he
env
iro
nme
nta
l e
ffe
cts
of
the
alt
ern
ati
ves
— the costs of these alternatives
The
ins
tru
men
t ha
s no
t ye
t be
en
com
ple
ted
. I
t co
uld
be p
ossi
ble
that
the
kno
wle
dge
nee
ded
to
mak
e a
dec
isi
on
is s
o c
omp
lex
and
div
ers
e t
hat
it w
ill
be
imp
oss
ibl
e f
or
loc
al
dec
isi
onm
ake
rs
to
mak
e d
eci
sio
ns.
In t
hat
cas
e,
we
are
thi
nki
ng o
f c
rea
tin
g a
kno
wle
dge
center to support the decisionmaker.
DEVELOPMENT OF REMEDIATION TECHNOLOGY
general
The
deve
lopm
ent
of re
medi
atio
n te
chno
logy
is fo
cuss
ed o
n tr
eati
ng t
he d
redg
ed
mate
rial
. I_
n _s_it
_u re
medi
atio
n ha
s ha
rdly
been
inve
stig
ated
so fa
r, b
ecau
se i
n the
Net
her
lan
ds t
he a
ctua
l pr
obl
ems
mai
nly
invo
lve
wat
erw
ays
that
hav
e to
be
dre
dge
d as
a
resu
lt o
f ma
int
ena
nce
reas
ons.
In s
it_u
rem
edi
ati
on i
s pa
rt o
f th
e ne
w r
ese
arc
h pr
ogr
am.
Trea
tmen
t of
dred
ged
sedi
ment
can
cons
ist o
f pr
oces
sing
in or
der
to ob
tain
a
-_
deco
ntam
inat
ed s
edim
ent
or u
sing
the
sedi
ment
in, s
ay, b
rick
s or
tiles
. Ap
art
from
the
envi
ronm
enta
l im
pact
, th
e su
cces
s of
this
reus
e de
pend
s on
soci
al a
ccep
tanc
e of
thes
e
5
prod
ucts
mad
e fr
om p
ollu
ted
sedi
ment
. In
the
Neth
erla
nds
this
acce
ptan
ce i
s rat
her
low.
A
 
 Re
se
ar
ch
in
to
th
e
pr
oc
es
si
ng
of
co
nt
am
in
at
ed
dr
ed
ge
d
ma
te
ri
al
wa
s
st
ar
te
d
in
19
83
.
At
fi
rs
t,
an
in
ve
nt
or
y
of
tr
ea
tm
en
t
te
ch
ni
qu
es
an
d
th
ei
r
fe
as
ib
il
it
y
wa
s
co
mp
il
ed
.
On
e
of
th
e
co
nc
lu
si
on
s
of
th
is
st
ud
y
wa
s
th
at
dr
ed
ge
d
ma
te
ri
al
ca
n
be
se
pa
ra
te
d
by
hy
dr
oc
yc
lo
ne
s
in
to
tw
o
fr
ac
ti
on
s:
on
e
of
wh
ic
h
is
re
la
ti
ve
ly
cl
ea
n,
an
d
th
e
ot
he
r
in
wh
ic
h
th
e
co
nt
am
—
in
an
ts
ar
e
co
nc
en
tr
at
ed
.
In
ve
st
ig
at
io
ns
in
Ge
rm
an
y
an
d
Be
lg
iu
m
ha
ve
le
d
to
th
e
sa
me
conclusion.
To
da
y
re
se
ar
ch
pr
oj
ec
ts
in
th
is
fi
el
d
ar
e
fo
cu
ss
ed
on
fu
rt
he
r
tr
ea
tm
en
t
of
th
e
fr
ac
ti
on
in
wh
ic
h
th
e
co
nt
am
in
an
ts
ar
e
co
nc
en
tr
at
ed
.
Th
e
an
nu
al
re
se
ar
ch
bu
dg
et
un
ti
l
no
w
wa
s
ab
ou
t
$7
00
,0
00
(C
an
ad
ia
n
do
ll
ar
s)
.
Th
e
bu
dg
et
up
to
19
91
is
ap
pr
ox
im
at
el
y
$1
.8
mi
ll
io
n
(C
an
ad
ia
n
do
ll
ar
s)
.
Mo
st
of
th
e
re
se
ar
ch
is
be
in
g
ca
rr
ie
d
ou
t
by
Th
e
Ne
th
er
la
nd
s
Or
ga
ni
za
ti
on
fo
r
Ap
pl
ie
d
Sc
ie
nt
if
ic
Re
se
ar
ch
(T
NO
).
Th
e
in
ve
st
ig
at
io
ns
ha
ve
le
d
to
th
e
pr
ac
ti
ca
l
ap
pl
ic
at
io
n
of
tw
o
te
ch
ni
qu
es
:
hy
dr
oc
yc
lo
ne
s
an
d
me
ch
an
ic
al
de
wa
te
ri
ng
.
Te
ch
no
lo
gy
ai
ms
at
im
pr
ov
in
g
th
e
qu
al
it
y
of
th
e
dr
ed
ge
d
ma
te
ri
al
or
at
re
du
ci
ng
th
e
qu
an
ti
ty
of
th
e
ma
te
ri
al
th
at
ha
s
to
be
di
sp
os
ed
of
,
fo
r
in
st
an
ce
by
de
wa
te
ri
ng
.
Wi
th
re
ga
rd
to
qu
al
it
y
im
pr
ov
em
en
t,
it
is
ve
ry
im
po
rt
an
t
ho
w
qu
al
it
y
is
de
fi
ne
d.
Th
e
de
fi
ni
ti
on
of
qu
al
it
y
de
pe
nd
s
on
th
e
de
fi
ni
ti
on
of
gu
id
el
in
es
.
Fo
r
in
st
an
ce
,
wh
en
st
an
da
rd
s
ar
e
ba
se
d
on
co
nt
am
in
an
t
co
nt
en
t,
th
en
qu
al
it
y
im
pr
ov
em
en
t
me
an
s
re
du
ct
io
n
of
th
e
contaminant content.
Wi
th
re
sp
ec
t
to
th
e
de
fi
ni
ti
on
of
qu
al
it
y,
va
ri
ou
s
te
ch
ni
qu
es
ar
e
ap
pl
ic
ab
le
.
Fo
r
in
st
an
ce
,
im
mo
bi
li
za
ti
on
is
ap
pl
ic
ab
le
if
st
an
da
rd
s
ar
e
ba
se
d
on
le
ac
hi
ng
te
st
s.
Ho
we
ve
r,
in
th
e
Ne
th
er
la
nd
s
st
an
da
rd
s
ar
e
ba
se
d
on
co
nt
am
in
an
t
co
nt
en
ts
,
wh
ic
h
me
an
s
th
at
im
mo
bi
li
za
ti
on
is
no
t
a
qu
al
it
y
im
pr
ov
in
g
te
ch
ni
qu
e.
Fo
r
th
e
Du
tc
h
si
tu
at
io
n,
a
sc
en
ar
io
fo
r
th
e
tr
ea
tm
en
t
of
dr
ed
ge
d
ma
te
ri
al
is
be
in
g
de
ve
lo
pe
d.
Th
is
sc
en
ar
io
(F
ig
ur
e
2)
co
ns
is
ts
of
tw
o
ma
jo
r
ro
ut
es
:
hy
dr
oc
yc
lo
ne
cl
as
si
fi
ca
—
ti
on
an
d
de
wa
te
ri
ng
,
ro
ut
e
A—
B
an
d
hy
dr
oc
yc
lo
ne
cl
as
si
fi
ca
ti
on
an
d
de
co
nt
am
in
at
io
n,
ro
ut
e
A—
C.
Bo
th
ro
ut
es
st
ar
t
wi
th
a h
yd
ro
cy
cl
on
e
cl
as
si
fi
ca
ti
on
wh
ic
h
di
vi
de
s
th
e
se
di
me
nt
in
to
tw
o
fr
ac
ti
on
s:
on
e
wi
th
a
lo
w
co
nt
am
in
an
t
co
nt
en
t,
th
e
un
de
rf
lo
w
(t
hi
s
fr
ac
ti
on
is
ma
in
ly
sa
nd
),
wh
il
e
th
e
ac
tu
al
co
nt
am
in
an
ts
ar
e
co
nc
en
tr
at
ed
in
th
e
ot
he
r
fr
ac
ti
on
,
th
e
ov
er
fl
ow
;
th
e
la
tt
er
is
ca
ll
ed
th
e
sl
im
e
fr
ac
ti
on
an
d
co
ns
is
ts
of
fi
ne
gr
ai
n
an
d
organic material.
Th
e
se
co
nd
st
ep
in
th
es
e
ro
ut
es
is
de
wa
te
ri
ng
or
de
co
nt
am
in
at
io
n.
De
wa
te
ri
ng
is
a
vo
lu
me
—r
ed
uc
in
g
ste
p.
De
co
nt
am
in
at
io
n
is
a
co
nt
am
in
an
t—
le
ve
l
re
du
ci
ng
ste
p.
Cl
as
si
fi
ca
ti
on
is
no
t a
lw
ay
s
su
cc
es
sf
ul
an
d
is
de
pe
nd
an
t
up
on
th
e
ty
pe
of
se
di
me
nt
(si
lt/
san
d r
ati
o).
In
so
me
ca
se
s
hy
dr
oc
yc
lo
na
ge
is
no
t
ap
pl
ie
d a
nd
th
e
tot
al
se
di
me
nt
is
dewatered or decontaminated.
Hydrocyclones
Cla
ssi
fic
ati
on
is c
arr
ied
out
by
hyd
roc
ycl
one
s (
Fig
ure
3).
A h
ydr
ocy
clo
ne
has
one
inl
et
an
d
tw
o
out
let
s,
th
e
vo
rt
ex
fi
nd
er
an
d
th
e a
pe
x—
no
zz
le
.
Th
e
ou
tl
et
fl
ow
s
ar
e c
al
le
d
overflow and underflow.
Th
e f
lui
d f
eed
ent
ers
the
cyc
lon
e t
ang
ent
ial
ly;
bri
ngi
ng
abo
ut
a d
ow
ns
tr
ea
m
cir
cul
ati
ng
fl
ow
at
the
wal
l o
f t
he
cyc
lon
e.
Ne
ar
the
ap
ex
the
fl
ow
rev
ers
es
int
o a
n
up
st
re
am
in
the
ce
nt
er
of
the
cy
cl
on
e a
nd
lea
ves
the
cy
cl
on
e t
hr
ou
gh
the
vo
rt
ex
fin
der
.
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 W
h
e
n
a
h
e
a
v
y
p
a
r
t
i
c
l
e
is
b
r
o
u
g
h
t
i
n
t
o
t
h
e
f
e
e
d
,
t
h
i
s
p
a
r
t
i
c
l
e
m
o
v
e
s
t
o
t
h
e
w
a
l
l
o
f
t
h
e
c
y
c
l
o
n
e
in
t
h
e
d
o
w
n
s
t
r
e
a
m
b
y
centrifugal
force.
T
h
e
particle
leaves
the
c
y
c
l
o
n
e
t
h
r
o
u
g
h
the
apex.
A
less
heavy
particle
has
not
enough
time
to
reach
the
wall
of
the
cyclone
and
therefore, leaves the cyclone with the water through the overflow. So a hydrocyclone ,
classifies
sediment
into
heavy
(sand)
particles,
fines
and
organic
material,
T
h
e
f
i
n
e
s
a
n
d
o
r
g
a
n
i
c
m
a
t
e
r
i
a
l
h
a
v
e
a
h
i
g
h
c
o
n
t
a
m
i
n
a
n
t
c
o
n
t
e
n
t
c
o
m
p
a
r
e
d
w
i
t
h
t
h
e
sand,
d
u
e
t
o
their
d
i
f
f
e
r
e
n
c
e
s
in
s
o
r
p
t
i
o
n
properties.
T
h
e
r
e
f
o
r
e
,
h
y
d
r
o
c
y
c
l
o
n
e
s
s
e
p
a
r
a
t
e
a
relatively
clean,
s
a
n
d
fraction
f
r
o
m
the
slime
fraction
in
w
h
i
c
h
the
c
o
n
t
a
m
i
n
a
n
t
s
are
concentrated.
'
W
h
e
n
a
p
p
l
y
i
n
g
h
y
d
r
o
c
y
c
l
o
n
e
s
,
it
is
v
e
r
y
i
m
p
o
r
t
a
n
t
t
o
c
r
e
a
t
e
a
n
u
n
d
e
r
f
l
o
w
w
i
t
h
a
d
r
y
matter
content,
as
high
as
possible,
because
the
water
in
the
underflow
always
contains
s
o
m
e
highly
c
o
n
t
a
m
i
n
a
t
e
d
particles
o
f
the
s
l
i
m
e
fraction.
Thus,
the
w
a
t
e
r
represents
a
high
c
o
n
t
a
m
i
n
a
n
t
content.
S
o
a
higher
w
a
t
e
r
c
o
n
t
e
n
t
of
the
un
d
e
r
f
l
o
w
involves
a
higher
contaminant
content.
In
applying
hydrocyclones,
it
is,
therefore,
very
important
to
create
an
underflow
with
a
dry
m
a
t
t
e
r
content
as
high
as
possible.
With
regard
to
this
dry
matter
content,
the
d
i
a
m
e
t
e
r
of
the
apex—nozzle
is
very
important.
This
diameter
has
to
be
adjusted to the feed.
In
our
laboratory
w
e
tested
the
applicability
of
hydrocyclone
classification
for
several
sediments.
Table
4
gives
the
results
for
eight
sediments.
E
is
the
cyclone
efficiency;
this
is
the
part
of
the
feed
that
is
separated
in
the
underflow.
The
dry
solids
efficiency
(Eds)
should
be
high
and
the
contaminant
efficiency
(Ex)
low.
Then
most
of
the'dry
matter
in
the
feed
is
separated,
with
a
low
contamination
content
in
the
underflow.
In
Figure
4,
the
results
of
Table
3
are
given
in
a
diagram;
vertically,
the
part
of
contaminant
in
the
underflow,
horizontally
the
part
of
the
dry
solids
in
the
underflow.
The
hydrocyclone
results
are
better
when
the
dot
is
closer
to
the
origin
of
the
diagram.
So
the
results
for
sediments
3
and
7
are
excellent
and
for
sediment
5
poor.
The
reason
for
these
different
results
can
be
explained
partly
by
the
particle
size
distribution
and
contaminant
distribution.
Figure
5
shows
some
sieve
test
results.
Vertically
in
the
diagram,
the
cumulative
contaminant
mass
is
given;
horizontally,
the
cumulative
dry
matter
mass.
The
example
diagram
gives
two
lines:
A
and
B.
Line
A
means
that
the
contaminants
are
concentrated
in
the
fine
fraction;
line
B
means
a
concentration
of
the
contaminants
in
the
coarse
fraction.
The
other
diagrams
give
the
results
of
sieve
tests
for
five
different
sediments.
For
Dommel
and
Maas
(Meuse)
there
is a
concentration
of
contaminants
in
the
fines;
for
the
Amstel/Drecht
(A/D)
canal
(this
is
mainly
peat)
and
for
Kampen
there
is a
concentration
in
the
coarse
fraction.
For
the
Eems
canal
there
is no
concentration
at
all
in
a
specific
raction.
.
Hydrocyclones operate very well when the contaminants are concentrated in a small
fine fraction.
Such
is the
case,
for instance,
for
the
Dommel
sample,.but
not
for
the A/D
canal
sample.
Generally
speaking,
hydrocyclone
classification
is most
successful
in sandy
s
e
d
i
m
e
n
t
s
.
Table 5 shows some full—scale results of the hydrocyclone process.
It shows that in
Practice,
a concentration of
the contaminants
can be
reached (1.6. a low Ex).
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 Deming
D
e
w
a
t
e
r
i
n
g
i
s
a
p
r
o
c
e
s
s
i
n
w
h
i
c
h
t
h
e
v
o
l
u
m
e
o
f
t
h
e
o
v
e
r
f
l
o
w
is
r
e
d
u
c
e
d
.
S
i
n
c
e
T
N
O
w
a
n
t
s
t
o
d
e
v
e
l
o
p
a
t
r
e
a
t
m
e
n
t
p
r
o
c
e
s
s
t
h
a
t
c
a
n
b
e
i
n
t
e
g
r
a
t
e
d
i
n
t
o
t
h
e
d
r
e
d
g
i
n
g
o
p
e
r
a
t
i
o
n
,
o
n
l
y
m
e
n
t
i
o
n
is
m
a
d
e
h
e
r
e
o
f
m
e
c
h
a
n
i
c
a
l
d
e
w
a
t
e
r
i
n
g
,
a
n
d
n
o
t
o
f
d
e
w
a
t
e
r
i
n
g
i
n
l
a
r
g
e
lagoons.
D
e
w
a
t
e
r
i
n
g
p
r
o
c
e
s
s
e
s
c
a
n
r
o
u
g
h
l
y
b
e
d
i
v
i
d
e
d
i
n
t
o
t
w
o
t
y
p
e
s
,
t
h
a
t
is,
h
i
g
h
e
f
f
i
c
i
e
n
c
y
a
n
d
l
o
w
e
f
f
i
c
i
e
n
c
y
m
a
c
h
i
n
e
s
.
In
t
h
e
h
i
g
h
e
f
f
i
c
i
e
n
c
y
d
e
w
a
t
e
r
i
n
g
p
r
o
c
e
s
s
,
m
e
c
h
a
n
i
c
a
l
f
o
r
c
e
s
are
involved.
S
u
c
h
p
r
o
c
e
s
s
e
s
are,
for
instance,
high
s
p
e
e
d
centrifugation
a
n
d
pressure
filtration.
L
o
w
e
f
f
i
c
i
e
n
c
y
d
e
w
a
t
e
r
i
n
g
p
r
o
c
e
s
s
e
s
a
r
e
m
o
s
t
l
y
b
a
s
e
d
o
n
g
r
a
v
i
t
y
;
e
x
a
m
p
l
e
s
a
r
e
sedimentation and drainage.
T
h
e
c
a
p
a
c
i
t
y
o
f
d
r
e
d
g
e
r
s
v
a
r
i
e
s
f
r
o
m
1
0
0
u
p
t
o
1
5
,
0
0
0
m
3
°
h
.
T
h
e
c
a
p
a
c
i
t
y
o
f
h
y
d
r
o
c
y
c
l
o
n
e
s
c
a
n
e
a
s
i
l
y
b
e
a
d
j
u
s
t
e
d
t
o
t
h
e
d
r
e
d
g
i
n
g
c
a
p
a
c
i
t
y
b
y
m
u
l
t
i
p
l
y
i
n
g
t
h
e
n
u
m
b
e
r
of
cyclones,
b
e
c
a
u
s
e
o
f
t
h
e
relatively
l
o
w
price
o
f
cyclones.
S
u
c
h
is
n
o
t
t
h
e
c
a
s
e
for
d
e
w
a
t
e
r
i
n
g
;
i
n
c
r
e
a
s
i
n
g
t
h
e
c
a
p
a
c
i
t
y
b
y
a
p
p
l
y
i
n
g
m
o
r
e
d
e
w
a
t
e
r
i
n
g
m
a
c
h
i
n
e
s
is
e
xp
e
n
s
i
ve
.
A
d
e
w
a
t
e
r
i
n
g
unit,
in
g
e
n
e
r
a
l
,
h
a
s
a
m
a
x
i
m
u
m
c
a
p
a
c
i
t
y
o
f
a
b
o
u
t
5
0
m
3
-
h
(
e
x
c
e
p
t
l
o
w
s
p
e
e
d
d
e
c
a
n
t
o
r
s
w
h
i
c
h
,
in
o
u
r
o
p
i
n
i
o
n
,
a
r
e
n
o
t
suitable),
a
n
d
c
o
s
t
a
b
o
u
t
$
2
0
0
,
0
0
0
(
C
a
n
a
d
i
a
n
dollars).
Serial
c
o
n
n
e
c
t
i
o
n
o
f
a
d
r
e
d
g
i
n
g
a
n
d
a
d
e
w
a
t
e
r
i
n
g
p
r
o
c
e
s
s
,
t
h
e
r
e
f
o
r
e
,
g
i
ve
s
p
r
o
b
l
e
m
s
when
the
dredger
capacity
is
high.
A
c
o
m
b
i
n
a
t
i
o
n
o
f
d
e
w
a
t
e
r
i
n
g
processes
m
i
g
h
t
b
e
a
solution
for
this
problem.
F
o
r
instance,
first
a
l
o
w
efficiency
process
to
get
rid
of
m
o
s
t
of
the
water;
secondly,
a
high
efficiency
process
to
r
e
a
c
h
a
high
c
a
k
e
dry
m
a
t
t
e
r
content.
T
o
w
h
a
t
extent
d
e
wa
t
e
r
i
n
g
is
necessary
depends
o
n
the
destination
after
dewatering.
If
it
is
incineration,
then
the
dry
m
a
t
t
e
r
content
after
dewatering
should
be
as
high
as
possible.
If
the
destination
is
disposal,
then,
of
course,
v
o
l
u
m
e
reduction
is
important.
Figure
6
s
h
o
w
s
the
v
o
l
u
m
e
reduction
in
relation
to
the
dry
matter
content.
B
y
increasing
the
dry
m
a
t
t
e
r
content
f
r
o
m
S
to
10
per
cent,
a
v
o
l
u
m
e
reduction
of
5
0
%
has
been
reached.
However,
the
difference
in
volume
reduction
between
40
and
4
5
%
dry
matter
is
relatively
small.
A
s
the
cost
for
dewatering
increases
for
higher
dry
matter
contents,
it
is
not
attractive
to
dewater
up
to
high
dry
matter
contents
wh
e
n
only
volume
r
e
d
u
c
t
i
o
n
is
i
m
p
o
r
t
a
n
t
.
Hydrocyclonage/dewatering
aims
at
reducing
the
volume.
Table
6
presents
some
laboratory
and
full-scale
results.
Reductions
of
70
to
9
5
%
have
been
reached.
Further
experiments
and
full—scale
applications
indicate
that
in
most
cases
a
reduction
of
at
least
7
0
%
c
a
n
b
e
o
b
t
a
i
n
e
d
.
The
costs
(capital
and
operating
costs
for
hydrocyclonage
and
mechanical
dewatering
by
Sieve—belt
presses)
are
approximately
$7.00-m3
for
100
m3°h
and
approximately
$5.00-m3
for
1000
m3-h
(Canadian
dollars).
It
must
be
emphasized
that
this
does
not
i
n
c
l
u
d
e
t
h
e
c
o
s
t
s
f
o
r
:
-
C
i
v
i
l
w
o
r
k
s
-
P
o
n
t
o
o
n
s
f
o
r
a
f
l
o
a
t
i
n
g
p
l
a
n
t
—
B
u
i
l
d
i
n
g
s
-
C
e
n
t
r
a
l
a
u
t
o
m
a
t
i
z
a
t
i
o
n
—
E
l
e
c
t
r
i
c
a
l
i
n
s
t
a
l
l
a
t
i
o
n
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 — Assembling
— Dredging
Decontamination
D
e
c
o
n
t
a
m
i
n
a
t
i
o
n
m
e
a
n
s
:
s
e
p
a
r
a
t
i
n
g
t
h
e
c
o
n
t
a
m
i
n
a
n
t
a
n
d
t
h
e
s
e
d
i
m
e
n
t
p
a
r
t
i
c
l
e
s
.
T
h
e
r
e
is
n
o
u
n
i
v
e
r
s
a
l
m
e
t
h
o
d
t
o
t
r
e
a
t
a
l
l
c
o
n
t
a
m
i
n
a
n
t
s
p
o
s
s
i
b
l
y
p
r
e
s
e
n
t
.
T
h
e
t
e
c
h
n
i
q
u
e
s
for
possible
application
c
a
n
roughly
b
e
divided
into:
—
T
e
c
h
n
i
q
u
e
s
f
o
r
r
e
m
o
v
i
n
g
h
e
a
v
y
m
e
t
a
l
s
—
T
e
c
h
n
i
q
u
e
s
f
o
r
r
e
m
o
v
i
n
g
o
r
g
a
n
i
c
c
o
n
t
a
m
i
n
a
n
t
s
W
i
t
h
r
e
s
p
e
c
t
t
o
h
e
a
v
y
m
e
t
a
l
s
,
p
o
s
s
i
b
l
e
t
r
e
a
t
m
e
n
t
m
e
t
h
o
d
s
a
r
e
:
— Acid leaching
-—
B
i
o
l
o
g
i
c
a
l
l
e
a
c
h
i
n
g
b
y
T
h
i
o
b
a
c
i
l
l
u
s
spp.
—
E
v
a
p
o
r
a
t
i
o
n
(
&
r
e
c
o
v
e
r
y
)
,
in
p
a
r
t
i
c
u
l
a
r
f
o
r
m
e
r
c
u
r
y
D
u
t
c
h
i
n
v
e
s
t
i
g
a
t
i
o
n
s
s
o
f
a
r
h
a
v
e
b
e
e
n
f
o
c
u
s
s
e
d
m
a
i
n
l
y
o
n
t
h
e
list
'
o
n
e
'
c
o
n
t
a
m
i
n
a
n
t
s
,
that
is,
c
a
d
m
i
u
m
a
n
d
m
e
r
c
u
r
y
.
A
c
i
d
l
e
a
c
h
i
n
g
a
n
d
biological
l
e
a
c
h
i
n
g
b
y
T
h
i
o
b
a
c
i
l
l
us
spp.
a
p
p
e
a
r
to
b
e
g
o
o
d
m
e
t
h
o
d
s
for
dissolving
c
a
d
m
i
u
m
.
O
n
c
e
t
h
e
c
a
d
m
i
u
m
is
dissolved,
it
is
the
intention
to
p
ur
i
f
y
t
h
e
l
e
a
c
h
i
n
g
fluid
by,
for
instance,
ion
e
x
c
h
a
n
g
e
or
precipitation.
T
h
e
u
s
e
o
f
c
a
t
i
o
n
e
x
c
h
a
n
g
e
resin
is
o
f
t
e
n
n
o
t
suitable,
d
u
e
to
t
h
e
high
l
i
m
e
c
o
n
t
e
n
t
of
the
s
e
d
i
m
e
n
t
.
In
t
h
a
t
c
a
s
e
a
n
a
n
i
o
n
e
x
c
h
a
n
g
e
resin
is
u
s
e
d
to
sorb
the
c
a
d
m
i
u
m
as
c
a
d
m
i
u
m
chloride
complex.
Biological
leaching
is
a
p
r
o
c
e
s
s
b
a
s
e
d
o
n
biological
oxidization
of
sulfur
c
o
m
p
o
u
n
d
s
into
sulfuric
acid.
F
o
r
s
o
m
e
s
e
d
i
m
e
n
t
s
this
m
e
t
h
o
d
is
v
e
r
y
successful;
the
results
are
c
o
m
p
a
r
a
b
l
e
to
acid
leaching.
Investigations
o
n
m
e
r
c
u
r
y
—
c
o
n
t
a
i
n
i
n
g
soil
a
n
d
s
e
d
i
m
e
n
t
h
a
v
e
p
r
o
ve
d
that
high
d
e
c
o
n
t
a
m
i
n
a
t
i
o
n
levels
c
a
n
b
e
r
e
a
c
h
e
d
only
b
y
e
va
p
o
r
a
t
i
n
g
the
mercury.
A
technique
probably
suitable
for
thermal
treatment
of
mercury—polluted
sediments
is
steamstripping.
A
n
advantage
of
this
technique
is
that
the
vapour,
after
thermal
treatment,
is
strongly
r
e
d
uc
e
d
in
v
o
l
u
m
e
b
y
cooling.
O
t
h
e
r
types
of
t
h
e
r
m
a
l
t
r
e
a
t
m
e
n
t
result
in
a
vapour—containing
mercury,
which
requires
treatment
before
being
discharged
into
the
atmosphere.
Techniques
for
the
removal
of
organic
contaminants
can
be
divided
into
concentration
a
n
d
d
e
s
t
r
u
c
t
i
o
n
t
e
c
h
n
i
q
u
e
s
.
W
Destruction
techni
ues
Solvent
extraction
Incineration
W
a
s
h
i
n
g
Biodegradation
As
mentioned
previously,
our
investigations
were
directed
towards
list
'one'
Contaminants.
A
s
an
example
of
an
organic
contaminant,
Polynuclear
Aromatic
Hydrocarbons
(PAH)
were
chosen.
Techniques
which
have
been
investigated
so
far,
are
s
o
l
v
e
n
t
e
x
t
r
a
c
t
i
o
n
,
w
a
s
h
i
n
g
a
n
d
b
i
o
d
e
g
r
a
d
a
t
i
o
n
.
Table
7
shows
some
results
of
laboratory
decontamination
tests.
According
to
this
table. high contaminant reductions have been reached: 80 to 90%
for cadmium by ac1d
1eaChing.
and
95%
for
mercury
by
evaporation.
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l
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h
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l
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 C
o
n
c
e
r
n
i
n
g
t
h
e
o
r
g
a
n
i
c
c
o
n
t
a
m
i
n
a
n
t
s
,
t
w
o
m
e
t
h
o
d
s
a
p
p
e
a
r
t
o
b
e
s
u
c
c
e
s
s
f
u
l
:
s
o
l
v
e
n
t
e
x
t
r
a
c
t
i
o
n
a
n
d
b
i
o
d
e
g
r
a
d
a
t
i
o
n
.
D
e
p
e
n
d
i
n
g
o
n
t
h
e
t
y
p
e
o
f
s
e
d
i
m
e
n
t
,
t
h
e
latter
m
e
t
h
o
d
is
not
a
l
w
a
y
s
successful,
as
f
o
l
l
o
ws
f
r
o
m
t
h
e
results
o
b
t
a
i
n
e
d
o
n
a
b
e
n
c
h
-
s
c
a
l
e
.
F
u
r
t
h
e
r
research
IS
focussed
on
ac1d
leacmg/ion
exchange,
solvent
extraction
and
biodegradation,
Acid Leaching/Ion Exchange
F
i
g
u
r
e
7
g
i
v
e
s
t
h
e
p
r
i
n
c
i
p
a
l
p
r
o
c
e
s
s
s
c
h
e
m
e
f
o
r
a
c
i
d
l
e
a
c
h
i
n
g
/
i
o
n
e
x
c
h
a
n
g
e
.
It
s
t
a
r
t
s
with
the
leaching
by,
for
instance,
hydrochloric
acid.
A
f
t
e
r
acidification,
there
are
t
w
o
possibilities:
the
first
possibility
starts
wi
t
h
separating
the
s
e
d
i
m
e
n
t
particles
f
r
o
m
the
leaching
blend,
followed
by
ion
exchange.
The
second
is
the
other
w
a
y
around.
T
h
e
a
d
v
a
n
t
a
g
e
o
f
t
h
e
first
r
o
u
t
e
is
t
h
a
t
t
h
e
i
o
n
e
x
c
h
a
n
g
e
p
r
o
c
e
s
s
is
f
e
d
w
i
t
h
a
c
l
e
a
n
(particle-free)
fluid.
T
h
e
a
d
v
a
n
t
a
g
e
of
the
s
e
c
o
n
d
route
is
that
after
separation
the
fluid
around
the
particles
is
metal—free,
so
that
no
backwashing
of
the
separated
dry
matter
is
necessary.
T
h
e
ion
e
x
c
h
a
n
g
e
resin
has,
of
course,
to
be
regenerated,
a
process
which
results
in
a
concentrated
metal
solution
that
can
be
either
reused
or
disposed
of
after
dewatering.
More
research
is
necessary
to
develop
the
process.
It
is
anticipated
that
next
year
two
projects will be
started
in The
Netherlands.
The
first
project
involves
basic
research
to
increase
the
applicability
to
more
metals
and
more
soils,
in
particular
clay
and
peat.
The
other
project
concerns
the
upscaling
of
the
process
for
treating
sandy
sediments
polluted
with
cadmium
and
zinc.
§olvent extraction
On
account
of
the
costs
involved,
solvent
extraction
will
be
used
only
when
biodegra—
dation
fails.
Such
is,
for
instance,
the
case
when
we
are
dealing
with
chlorinated
compounds
which
are
hardly
biodegradable.
Figure
8
gives
a
scheme
for solvent
extraction.
A
suitable solvent
is mixed
with
the
overflow.
There
are
two
types
of
solvents:
water
soluble
and
non—water
soluble
solvents.
The
advantage
of
a
water
soluble solvent
is that the contaminant
solves more
easily;
the disadvantage
is that
the
separation
of solvent
and
overflow
in the
second
process
step
demands
a
rather expensive
technique,
such as destillation.
The
results in Table 7
were
reached
in
experiments
where
triethylamine was
used
as a
solvent.
Triethylamine
solves
in water at a
temperature
of 20°C
and
lower, and
dissolves at higher temperatures.
Thus,
the overflow
was
mixed
with
triethylamine at
15°C and
the separation was
established at
a
t
e
m
p
e
r
a
t
u
r
e
o
f
2
5
°
C
.
The solvent used has to be regenerated or refreshed.
The part with the contaminants
can
be
destroyed,
for
instance
by
incineration.
Research projects scheduled to start in July 1989, will focus on the selection of
solvents,
as
well
as
mixing
and
separation
techniques.
B
i
o
d
e
g
r
a
d
a
t
i
o
n
The last decontamination technique for discussion is biodegradation. Figure.9
Presents a general rate of biodegradation for a dozen contaminated $0115 and sedlment
samples. The major reason for the differences between, for instance, Geulhaven and
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 more than 80%.
B
i
o
d
e
g
r
a
d
a
t
i
o
n
is
c
o
n
s
i
d
e
r
e
d
t
o
b
e
a
t
e
c
h
n
i
q
u
e
w
i
t
h
g
r
e
a
t
p
r
a
c
t
i
c
a
l
p
o
t
e
n
t
i
a
l
f
o
r
t
h
e
following reasons:
0
A
f
t
e
r
t
h
i
s
t
r
e
a
t
m
e
n
t
,
t
h
e
s
e
d
i
m
e
n
t
,
f
r
o
m
a
n
e
n
v
i
r
o
n
m
e
n
t
a
l
p
o
i
n
t
o
f
v
i
e
w
,
is
a
m
o
r
e
a
c
c
e
p
t
a
b
l
e
p
r
o
d
u
c
t
t
h
a
n
it
w
o
u
l
d
b
e
a
f
t
e
r
,
f
o
r
i
n
s
t
a
n
c
e
,
p
h
y
s
i
c
o
c
h
e
m
i
c
a
l
or thermal treatment.
0
T
h
e
b
i
o
d
e
g
r
a
d
a
t
i
o
n
m
e
t
h
o
d
is
e
x
p
e
c
t
e
d
t
o
b
e
l
e
s
s
e
x
p
e
n
s
i
v
e
t
h
a
n
o
t
h
e
r
techniques.
B
e
c
a
u
s
e
o
f
t
h
e
e
x
p
e
c
t
e
d
g
r
e
a
t
p
o
t
e
n
t
i
a
l
o
f
this
t
e
c
h
n
i
q
u
e
,
T
N
O
is
n
o
w
d
r
a
f
t
i
n
g
s
c
e
n
a
r
i
o
s
a
i
m
e
d
a
t
its
p
r
a
c
t
i
c
a
l
i
m
p
l
e
m
e
n
t
a
t
i
o
n
.
H
e
r
e
b
y
,
t
w
o
s
c
e
n
a
r
i
o
s
a
r
e
w
o
r
k
e
d
out:
small-scale
a
n
d
large-scale
field
operation.
T
h
e
s
m
a
l
l
-
s
c
a
l
e
p
r
o
c
e
s
s
c
a
n
b
e
c
a
r
r
i
e
d
o
u
t
in
a
b
a
t
c
h
b
i
o
r
e
a
c
t
o
r
w
i
t
h
a
m
a
x
i
m
u
m
o
f
a
b
o
u
t
5
0
0
m
3
.
T
h
i
s
s
c
e
n
a
r
i
o
is
c
h
a
r
a
c
t
e
r
i
z
e
d
b
y
a
short
t
r
e
a
t
m
e
n
t
time,
a
n
intensive
o
p
e
r
a
t
i
o
n
a
n
d
a
h
y
d
r
o
c
y
c
l
o
n
e
.
A
c
o
a
r
s
e
/
f
i
n
e
s
e
p
a
r
a
t
i
o
n
s
t
e
p
is
n
o
t
n
e
e
d
e
d
.
T
h
e
large—scale
option
starts
wi
t
h
a
coarse/fine
separation
b
y
hydrocyclones.
T
h
e
fine
fraction
is
t
r
e
a
t
e
d
in
a
n
a
e
r
a
t
e
d
l
a
g
o
o
n
a
n
d
the
coarse
fraction
c
a
n
b
e
landfarmed,
m
e
a
n
i
n
g
a
long
t
r
e
a
t
m
e
n
t
t
i
m
e
a
n
d
a
n
extensive
operation.
A
s
c
h
e
m
e
of
the
t
w
o
scenarios
is
s
h
o
w
n
in
Figure
10.
It
shows
the
general
approach
to
t
h
e
p
r
a
c
t
i
c
a
l
a
p
p
l
i
c
a
t
i
o
n
o
f
b
i
o
d
e
g
r
a
d
a
t
i
o
n
.
B
e
c
a
us
e
m
u
c
h
i
m
p
o
r
t
a
n
c
e
is
attached
to
biodegradation,
the
research
into
the
development
of
this
technique
is
in
full
swing.
Topics
of
the
research
p
r
o
g
r
a
m
are:
0
T
h
e
a
f
o
r
e
m
e
n
t
i
o
n
e
d
large-scale
treatment
route
0
Research
into
the
biodegradation
of
other
(than
oil
and
PAH)
contaminants,
such
as
chlorinated
h
y
d
r
o
c
a
r
b
o
n
s
0
Some
fundamental
aspects
with
regard
to
the
biodegradation
rate
and
bioavailability
o
f
t
h
e
pollutants
F
I
N
A
L
R
E
M
A
R
K
S
The
Dutch
Ministry
of
Traffic
and
Public
Works
tried
to accelerate
the
development
0f
technology
through
competition.
Dredging
companies
and
contractors
were
asked
to
make
plans
for
the
sanitation
of
ten
sites
with
contaminated
sediments.
The
reward
for
the
companies
with
the
best
plans
is
an
invitation
to
make
a
quotation.
There_were
about
0 Participants in the competition and about
10 winners.
The winning companies can
receive
a
subsidy
for
technology
d
e
ve
l
o
p
m
e
n
t
research,
if
needed.
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implies
the
d
a
n
g
e
r
of
w
r
o
n
g
choices
being
m
a
d
e
even applied.
T
h
i
s
p
a
p
e
r
is
d
e
d
i
c
a
t
e
d
t
o
r
e
s
e
a
r
c
h
remediation.
F
u
r
t
h
e
r
r
e
s
e
a
r
c
h
is
n
e
c
e
s
s
a
r
y
of
t
e
c
h
n
o
l
o
g
y
is
i
n
t
e
r
n
a
t
i
o
n
a
l
c
o
o
p
e
r
a
t
i
o
n
.
W
h
e
n
k
n
o
w
l
e
‘
in
i
n
t
e
g
r
a
t
e
d
r
e
s
e
a
r
c
h
p
r
o
g
r
a
m
s
,
m
o
n
e
y
a
n
d
t
i
m
e
is
s
a
v
e
d
.
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 TH
E M
AN
AG
EM
EN
T O
F C
ON
TA
MI
NA
TE
D S
ED
IM
EN
TS
IN THE FEDERAL REPUBLIC OF GERMANY
by
1.. Tent
Bezirksamt Wandsbek, Hamburg 70, F.R.G.
ABSTRACT
To
mai
nta
in n
avig
able
wat
er d
ept
hs i
n es
tuar
ies,
rive
rs a
nd h
arb
our
area
s of
the
Fed
era
l R
epu
bli
c of
Ger
man
y,
abo
ut 5
5 mi
llio
n m3
of s
edi
men
t is
dre
dge
d an
nual
ly.
App
rox
ima
tel
y 5
0%
is c
oar
se m
ater
ials
(sto
nes,
grav
el a
nd s
and)
, wh
ile
mos
t of
the
remai
ning
mater
ial i
s mud
, ori
ginat
ing f
rom t
he sea
. Th
ese s
edime
nts a
re us
ually
dredg
ed
and
dum
ped
nea
r th
e dr
edg
ing
site
. A
gita
tion
dre
dgi
ng i
s an
oth
er r
egul
arly
appl
ied
met
hod
. T
he
rive
rine
sus
pen
ded
mat
ter
and
fine
—gra
ined
sed
ime
nts
are
sink
s fo
r po
l-
luta
nts,
suc
h as
hea
vy m
eta
ls a
nd o
rgan
ic c
omp
oun
ds.
Whi
le d
red
gin
g an
d di
spos
al o
f
sedim
ents
have
alway
s bee
n a q
uanti
tativ
e task
, it w
as no
t unti
l the
late
seven
ties
that
the
eco
log
ica
l c
ons
equ
enc
es
of
han
dli
ng
this
mat
eri
al
bec
ame
kno
wn.
.
.
.
—
«
~
.
.
.
w
.
.
w
.
,
Con
cer
n wa
s e
vid
enc
ed b
y th
e in
stal
lati
on o
f an
inte
rdis
cipl
inin
ary
tea
m th
at s
et u
p a
Dre
dge
d Ma
ter
ial
Res
ear
ch P
rog
ram
in t
he F
ree
and
Han
sea
tic
Cit
y of
Ham
bur
g.
The
pro
gra
m ad
dres
ses
the
foll
owin
g po
ints
: r
easo
ns a
nd o
rigi
n of
sed
ime
nta
tio
n, c
ont
am—
inan
ts in
sedi
ment
s, e
ffec
ts a
nd c
onse
quen
ces
of d
ispo
sal
alte
rnat
ives
and
tech
niqu
es f
or
k
the treatment, disposal and utilization of harbour mud.
Prior to recognition of the contaminant problem in the 19705, sands, in part, were
used for industrial sites, and muds mixed with sediments were used for agriculture. Older
polder disposal sites had a problem with high metal uptake by plants due to the decreasing
pH levels. Experimentation with liming demonstrated increased crop productivity and
reduced metal mobility. Liming, however, can be only a temporary solution to the
problem. .
Another concern has been the production of large volumes of wastewater by hydraulic
transport of the fine grained sediments to the disposal sites. The transport water often ,
contains high concentrations of suspended solids and ammonium, which result in large ‘
oxygen deficits in the receiving waters. To alleviate this problem, circulation of the
transport water, combined with flocculation/sedimentation and nitrification treatment
have been implemented.
To minimize the contaminated sediment volumes, hydrocycloning, additional washing
of the sand, and further dewatering of the mud fraction have been studied and success—
fully implemented, thus reducing the amount of hazardous dredged material that must be
placeltli special disposal sites. Separation units, on a technical scale, have already been
insta e .
Several alternatives for further handling of the contaminated fraction have been
discussed and investigated. In the interim a hillshaped deposit will be constructed, being
sealed with special layers of consolidated and draining layers to minimize groundwater
pollution. The hill will be topped with an additional barrier to prevent root penetration
and then be covered with cultivable materials. An additional plan involves subsurface
disposal in a pit in the North Sea and capping it with a sealing layer.
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p
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p
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c
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p
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c
k
a
r
,
E
m
s
,
W
e
s
e
r
a
n
d
E
l
b
e
.
.
F
o
r
t
y
—
n
i
n
e
m
i
l
l
i
o
n
m
3
o
f
t
h
i
s
m
a
t
e
r
i
a
l
is
d
r
e
d
g
e
d
in
t
h
e
E
m
s
,
W
e
s
e
r
a
n
d
E
l
b
e
e
s
t
u
a
r
i
e
s
.
T
h
e
s
a
n
d
a
n
d
m
u
d
l
a
r
g
e
l
y
o
r
i
g
i
n
a
t
i
n
g
f
r
o
m
t
h
e
s
e
a
a
n
d
t
h
e
m
a
r
g
i
n
s
o
f
t
h
e
rivers'
l
o
w
e
r
c
o
u
r
s
e
s
a
r
e
g
e
n
e
r
a
l
l
y
e
x
c
a
v
a
t
e
d
a
n
d
t
a
k
e
n
t
o
a
d
u
m
p
i
n
g
site
a
t
t
h
e
s
i
d
e
o
f
t
h
e
w
a
t
e
r
w
a
y
(Figure
1).
W
h
e
r
e
it
a
p
p
e
a
r
s
t
o
b
e
e
c
o
n
o
m
i
c
a
l
l
y
f
a
v
o
u
r
a
b
l
e
,
t
h
e
m
e
t
h
o
d
o
f
s
e
d
i
m
e
n
t
-
h
a
r
r
o
w
i
n
g
is
e
m
p
l
o
y
e
d
:
this
i
n
v
o
l
v
e
s
t
h
e
b
e
d
o
f
t
h
e
r
i
v
e
r
o
r
e
s
t
u
a
r
y
b
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p
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,
b
e
a
r
s
c
o
n
s
i
d
e
r
a
b
l
e
s
i
g
n
i
f
i
c
a
n
c
e
f
o
r
t
h
e
e
c
o
n
o
m
i
c
p
o
w
e
r
o
f
N
o
r
t
h
G
e
r
m
a
n
y
.
U
n
t
i
l
t
h
e
e
n
d
o
f
t
h
e
1
9
7
0
5
,
t
h
e
m
a
r
s
h
a
r
e
a
s
p
r
o
v
i
d
e
d
a
s
e
e
m
i
n
g
l
y
t
r
o
u
b
l
e
—
f
r
e
e
s
i
t
e
f
o
r
t
h
e
d
i
s
p
o
s
a
l
o
f
d
r
e
d
g
e
d
m
a
t
e
r
i
a
l
.
S
a
n
d
w
a
s
u
s
e
d
f
o
r
e
l
e
v
a
t
i
n
g
t
h
e
l
a
n
d
i
n
h
a
r
b
o
u
r
d
e
v
e
l
o
p
m
e
n
t
a
r
e
a
s
.
T
h
e
f
i
n
e
—
g
r
a
i
n
e
d
s
e
d
i
m
e
n
t
s
w
e
r
e
p
u
m
p
e
d
o
n
t
o
a
g
r
i
c
u
l
t
u
r
a
l
a
r
e
a
s
,
t
h
u
s
c
r
e
a
t
i
n
g
h
i
g
h
-
y
i
e
l
d
i
n
g
a
r
e
a
s
o
f
a
r
a
b
l
e
l
a
n
d
f
r
o
m
p
a
s
t
u
r
e
s
(
F
i
g
u
r
e
2
)
.
It
s
o
o
n
b
e
c
a
m
e
clear,
h
o
w
e
v
e
r
,
t
h
a
t
this
p
u
r
e
l
y
q
u
a
n
t
i
t
a
t
i
v
e
c
o
n
s
i
d
e
r
a
t
i
o
n
h
a
d
to
g
i
ve
w
a
y
t
o
t
h
e
q
u
e
s
t
i
o
n
o
f
s
e
d
i
m
e
n
t
q
u
a
l
i
t
y
(
K
h
n
a
n
d
M
b
'
n
n
i
n
g
h
o
f
f
,
1
9
7
8
;
d
'
A
n
g
r
e
m
o
n
d
et
al.
1978).
A
f
t
e
r
initial
investigations
into
the
c
o
m
p
o
s
i
t
i
o
n
of
the
s
e
d
i
m
e
n
t
in
the
19705/19805
a
n
d
a
f
t
e
r
a
f
a
i
l
u
r
e
,
i
n
t
h
e
s
h
o
r
t
t
e
r
m
,
t
o
f
i
n
d
n
e
w
a
r
e
a
s
f
o
r
s
e
d
i
m
e
n
t
p
l
a
c
e
m
e
n
t
,
3
S
y
s
t
e
m
a
t
i
c
p
r
o
g
r
a
m
m
e
o
f
i
n
v
e
s
t
i
g
a
t
i
o
n
i
n
t
o
d
r
e
d
g
e
d
m
a
t
e
r
i
a
l
w
a
s
l
a
u
n
c
h
e
d
(
F
r
e
i
e
u
n
d
H
a
n
s
e
s
t
a
d
t
H
a
m
b
u
r
g
1
9
8
1
,
C
h
r
i
s
t
i
a
n
s
e
n
e
t
a1.
1
9
8
2
,
G
W
h
r
e
n
1
9
8
2
,
T
e
n
t
1
9
8
7
)
.
T
h
e
D
r
e
d
g
e
d
M
a
t
e
r
i
a
l
R
e
s
e
a
r
c
h
P
r
o
g
r
a
m
m
e
T
h
e
m
a
i
n
a
i
m
o
f
the
d
r
e
d
g
e
d
material
research
p
r
o
g
r
a
m
m
e
w
a
s
to
find
ecologically
a
c
c
e
p
t
a
b
l
e
s
o
l
u
t
i
o
n
s
f
o
r
t
h
e
p
l
a
c
e
m
e
n
t
o
r
utilisation
o
f
t
h
a
t
m
a
t
e
r
i
a
l
W
i
t
h
i
n
a
s
s
h
o
r
t
a
PeI‘lOd
of
time
as
possible.
T
h
e
Technical
Port
Administration
set
up
a
prOJect
group
for
g
r
—
m
;
—
—
—
—
—
 
TABLE I
 
GU
ID
EL
IN
ES
FO
R T
HE
HE
AV
Y
ME
TA
L
CO
NT
AM
IN
AT
IO
N O
F S
ED
IM
EN
TS
Cla
y S
oil
Ara
ble
Lan
d
Lim
it
for
Imp
rov
eme
nt
Sew
age
Slu
dge
Sta
nda
rd
Sta
nda
rd
Inv
est
iga
tio
ns
(NL
)
Lim
it
'
(Ab
fkl
arV
)
(Ab
fkl
-ar
V)
Ars
eni
c
(9)
(20
)
50
(20
0)
Lea
d
20
100
600
1.2
00
Ca
dm
iu
m
0.3
3
20
20
Ch
ro
mi
um
90
100
800
1.2
00
Cop
per
45
100
500
1.2
00
Nic
kel
(*)
(50
)
500
200
Me
rc
ury
0.4
2
10
25
Zin
c
95
300
3.0
00
3.0
00
Numbers in parenthesis are proposed.
*Under development.
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 this purpose, which until 1984 was manned by a dredging technologist, a hydrologist and an
ecol
ogis
t.
Sinc
e 19
84 a
che
mic
al e
ngin
eer,
a so
il m
ech
ani
cs
eng
ine
er a
nd
an e
colo
gist
hav
e b
een
add
ed
to
the
staf
f.
Thi
s p
roj
ect
tea
m w
ork
ed
tog
eth
er
wit
h c
ons
ult
ing
com
pan
ies
as
wel
l a
s w
ith
ins
tit
ute
s f
rom
the
uni
ver
sit
y a
nd
pri
vat
e s
ect
ors
.
Initially, ideas for solutions were gathered during a series of conferences with the aid
of c
reat
ivit
y te
chni
ques
. T
hey
wer
e gr
adua
lly
nar
row
ed d
own
to t
hose
opti
ons
whi
ch
seemed technically practicable and ecologically acceptable (Battelle 1982). An impression
of this stage is given by Table 2 and Figure 3. Those criteria which appeared essential are
repr
oduc
ed i
n Tab
le 3
, wi
thou
t, h
owev
er,
the
syst
em o
f we
ight
ing
whic
h wa
s em
ploy
ed
dur
ing
the
ass
ess
men
t s
tag
e.
The
alt
ern
ati
ves
whi
ch
rem
ain
ed
as
wor
thy
of
clo
ser
inve
stig
atio
n (T
able
4) st
ood
out
sign
ific
antl
y fr
om t
he re
st.
Vari
atio
n of
the
crite
ria
wei
ght
ing
mer
ely
res
ult
ed
in s
hift
s w
ith
in
the
"hit
list
."
Parallel to this development, investigations were taking place on the disposal methods
whi
ch h
ad p
revi
ousl
y be
en
emp
loy
ed.
The
se r
esul
ts w
ere
use
d to
dire
ct f
urth
er
investigations and develop new solutions (Tent 1987).
Cruc
ial
topi
cs i
nclu
ded
imp
act
on t
he n
atur
al e
nvi
ron
men
t a
nd
the
hum
an
foo
d ch
ain
via t
he ca
rrier
water
of th
e dre
dged
mater
ial a
nd th
e gro
undwa
ter f
rom t
he dis
posal
sites,
upta
ke o
f pol
luta
nts b
y pla
nts,
gas
form
atio
n in
the
mud,
to n
ame
but
a fe
w. B
eyon
d th
e
fore
seea
ble
effe
cts,
the
ques
tion
of l
ong
ter
m ef
fect
s wa
s co
ntin
uous
ly b
ein
g ra
ised
.
Thus
, it
cam
e ab
out
with
in a
very
shor
t ti
me,
that
a ma
jor
redu
ctio
n in
the
harm
ful
effe
cts o
f th
e dis
posa
l pr
oced
ure
coul
d be
obta
ined
by m
inim
izin
g th
e co
ntam
inat
ed
volu
mes.
Know
ledg
e of
the
field
pump
ing
proc
ess
was
used
to a
chie
ve d
econ
tami
nati
on in
existing dredging operations by separation of the pollutant-free sand fraction
(Christiansen et a1. 1985): rinsing operation with a classifying field to extract sand
(Figure 4) and a large number of dewatering fields for the mud.
Owing to the weaknesses present in this system, it was apparent that it could only be
regarded as an optimised procedure for a temporary period: clean, usable sand is yielded
by only a limited section of the classifying field, even the soil from the sand/mud
transition zone — in the absence of further treatment - has to be disposed of along with
the mud. Figure 5 supports this conclusion with the example of cadmium and zinc
distribution in the longitudinal section of the field. Additional fundamental problems are
presented by the area required for the dewatering fields; the time involved in dewatering
up to a maximum water content of 60% (even under optimal charging conditions); and the
potential threat to the groundwater supply resulting from this area—intensive operation.
Tests on mechaniCal procedures were, therefore, run in parallel with the above using
hydrocyclones and up—current classifiers as well as various dewatering techniques. These
methods make it possible to achieve a good separation of contaminated mud from the sand.
Figure 6 shows with the example of cadmium that hydrocycloning alone is not
sufficient to obtain an ecologically acceptable material. Subsequent washing of the coarse
fraction in the up-current classifier does, however, yield the clean sand desired.
A possible flow diagram, according to KrWning (1988) is shown in Figure 7. All
further considerations of options for accommodating or utilizing the dredged material
were based on this reduced volume of mud.
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e
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a
r
o
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i
a
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Aims of the Seminar
 
A
s
p
e
c
i
a
l
s
e
m
i
n
a
r
w
a
s
h
e
l
d
i
n
H
a
m
b
u
r
g
f
r
o
m
2
7
F
e
b
.
t
o
1
M
a
r
c
h
1
9
8
4
-
D
r
e
d
g
e
d
M
a
t
e
r
i
a
l
f
r
o
m
H
a
r
b
o
u
r
s
a
n
d
W
a
t
e
r
w
a
y
s
—
E
c
o
l
o
g
i
c
a
l
a
n
d
E
c
o
n
o
m
i
c
Options
for
Their
Solution"
(BWVL
1984).
"
D
i
s
p
o
s
a
l
o
f
Problems —
T
h
e
s
e
m
i
n
a
r
w
a
s
a
n
a
t
t
e
m
p
t
t
o
p
r
e
s
e
n
t
t
h
e
e
x
p
e
r
i
e
n
c
e
g
a
i
n
e
d
f
r
o
m
i
n
v
e
s
t
i
g
a
t
i
o
n
s
c
a
r
r
i
e
d
o
u
t
i
n
H
a
m
b
u
r
g
a
n
d
t
o
c
o
m
p
a
r
e
it
w
i
t
h
t
h
a
t
o
f
o
t
h
e
r
i
n
s
t
i
t
ut
i
o
n
s
r
e
s
p
o
n
s
i
b
l
e
f
o
r
the
m
a
i
n
t
e
n
a
n
c
e
o
f
w
a
t
e
r
w
a
y
s
a
n
d
h
a
r
b
o
u
r
s
.
It
w
a
s
also
a
i
m
e
d
at
b
r
i
n
g
i
n
g
r
e
c
e
n
t
l
y
r
e
c
o
g
n
i
s
e
d
p
r
o
b
l
e
m
s
(e.
g.
t
h
e
p
o
s
s
i
b
l
e
e
f
f
e
c
t
s
o
n
g
r
o
u
n
d
w
a
t
e
r
a
n
d
s
u
r
f
a
c
e
w
a
t
e
r
s
)
t
o
t
h
e
a
t
t
e
n
t
i
o
n
o
f
t
h
e
g
r
e
a
t
e
s
t
p
o
s
s
i
b
l
e
n
u
m
b
e
r
o
f
institutions
i
n
vo
l
ve
d
,
in
o
r
d
e
r
to
incite
research programmes there.
A
s
t
h
e
d
i
s
p
o
s
a
l
o
f
d
r
e
d
g
e
d
m
a
t
e
r
i
a
l
h
a
s
b
e
c
o
m
e
difficult,
all
p
a
r
t
i
c
i
p
a
n
t
s
w
e
r
e
a
w
a
r
e
that
a
r
e
l
a
x
a
t
i
o
n
o
f
t
h
e
s
i
t
u
a
t
i
o
n
c
a
n
o
n
l
y
b
e
a
c
h
i
e
v
e
d
b
y
a
d
r
a
s
t
i
c
i
m
p
r
o
v
e
m
e
n
t
in
t
h
e
s
e
d
i
m
e
n
t
quality.
T
o
this
e
n
d
,
all
t
h
e
a
u
t
h
o
r
i
t
i
e
s
a
n
d
industries
i
n
v
o
l
v
e
d
w
e
r
e
called
u
p
o
n
to
m
a
k
e
their
contribution.
T
h
e
f
o
l
l
o
wi
n
g
s
e
c
t
i
o
n
s
u
m
m
a
r
i
z
e
s
t
h
o
s
e
parts
that
dealt
wi
t
h
the
P
o
r
t
o
f
H
a
m
b
u
r
g
,
e
x
c
l
u
d
i
n
g
t
h
e
t
r
e
a
t
m
e
n
t
a
n
d
d
e
w
a
t
e
r
i
n
g
(refer
to
T
h
e
D
r
e
d
g
e
d
Material
R
e
s
e
a
r
c
h
P
r
o
a
r
a
m
m
e
,
above).
Individual
contributions
are
not
quoted;
further
details
are
given
in
part
by
Wolf
et
a1.
(1988).
Pollutants
in
H
a
r
b
o
u
r
M
u
d
Investigations
carried
out
over
several
years
into
the
agricultural
reuse
of
land
formerly
used
for
the
p
u
m
p
i
n
g
operations
h
a
ve
revealed
that
the
different
areas
exhibit
wide
deviations
in
soil
characteristics
and
pollutant
content
due
to
separation
of
the
dredged
material
c
o
m
p
o
n
e
n
t
s
into
coarse
and
fine
fractions.
Plant—specific
differences
for
pollutant
build—up
were
found
amongst
the
crops
cultivated.
For
example,
in
s
o
m
e
plants
the
c
a
d
m
i
u
m
content
might
exceed
the
standard
value
for
food
(celery,
kale,
oats,
wheat,
corn),
whereas
in
others,
low
concentrations
were
measured
(cabbage,
turnip,
and
beans).
A
decontamination
of
the
soil
by
strongly
bioaccumulating
plants
is
not
possible
within
foreseeable
periods.
The
question
of
the
effect
of
pumping
contaminated
sediments
on
the
ground
water
has
also
been
investigated
in
full
detail,
whereas
these
investigations
had
formerly
been
confined
to
testing
inspection
wells.
Other
methods
have
now
been
incorporated:
during
field
studies
the
movement
of
water
and
pollutants
were
measured
for
typical
variants
of
mud
polders
(confined
disposal
facility).
Depending
on
the
particular
subsoil
chosen
and
according
to
the
degree
of
compaction
of
partly
existing
clay
horizons,
widely
varying
concentrations
of
the
parameters
examined
can
be
found.
The
readily
mobile
ions
are
chloride
as
well
as
Na+,
M
g
“
and
Ca2+.
Other
ions
are
adsorbed
initially.
There
have
also been
programmes
to
enable
the
importance
of
organic
pollutants,
such
as
chlorinated
hydrocarbons,
polynuclear
aromatics
and
dialkylene
phthalates
in solid and
aqueous
phases
t
o
b
e
j
u
d
g
e
d
.
The high organic content of harbour mud points to the fact that this material may
still be
undergoing
biological
reaction.
To
comment
on
this,
it
is,
above
all,
necessary
to
determine whether
noxious
effects from
gas production result from
the disposal of dredged
material.
A
research programme
into
this question
has
been
initiated and
includes
the
determination of both
potential gas
formation
rates and actual resnlts from
field studies.
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 Procedures to Minimize the Environmental Effects
Various groups have been working on methods for the recovery of the metals
contained in dredged material. Most of the methods are based on acid extraction, but
employ different acids and methods of further treatment. So far none of these suggested
procedures has been able to fulfil the high requirements set for environmental accept-
ability. For example, it is not possible to keep the arable land standards for all metals
within those of the German sewage sludge regulation (AbelarV 1982). Additional disposal
problems are caused by the elements in the effluent. The question of how to treat the
resulting decontaminated — sterile — soil also awaits a satisfactory answer.
The problem of the agricultural reuse of polluted polders has already been mentioned.
As in Hamburg about 400 ha of such areas have been in use and in order to protect the
farms run on them, research into soil technological improvement measures has been
initiated. Amelioration liming, soil mixing and soil covering have been considered. Liming
of acidic areas has proved to be successful in increasing the yields and decreasing the
heavy metal content in plants. Contrary to expectations, "dilution" with sand did not have
the desired results; despite a reduction in their concentration, the heavy metals obviously
become more readily available to the plants. At present, covering the ground with
uncontaminated soil is regarded as being the only effective and long-lasting possibility of
reducing the uptake of heavy metals into the plants.
The purification of polder effluent water has become a major topic. Whereas it was
previously considered that the water used as a medium for pumping would return to the
source unchanged, measurements have verified severe water contamination. This
condidition primarily concerns solids in permanent suspension and the pollutants which
they contain as well as dissolved salt and oxygen consuming substances. Of the latter,
ammonium is of particular significance, as the River Elbe in the Hamburg area and
downstream suffers heavily due to i_n siJu nitrification processes. Investigations into
wastewater purification (flocculation/precipitation, filtration, nitrification in fixed-film
reactors) have been underway for a long time.
The first industrial—scale sedimentation basins with connected flocculation have been
constructed and because of the expected high costs for the purification of the total water
volume, a transport water recycling system has been installed.
Reuse or Disnosal of Mud
The following contributions dealt with the disposal and reuse of harbour mud. A
concept for the storage of dewatered mud in hill configurations was workedout, and the
constructional and soil mechanical aspects were presented. The decisive factors were
defined as site characteristics, hill shape, mud consistency and functioning of the '
dewatering system. According to soil parameters, a 40 m high hill was designed with a
slope of 10°. Filter layers consisting of sand were incorporated in 1—5 m thick single
layers. To prevent ground water contamination, the design provides for an impermeable
layer at the base and on the surface of the hill. The slope and surface cover are to ensure
that the rainwater runs off the hill as close to the surface as possible.
According to initial investigations, the reuse of dewatered mud will be possible in the
medium term for among other things construction material. The engineering aspects have
been revised; the ecological consequences and the environmental safeguards which may be
required, have been examined. Despite their technical feasibility, some fields of applica-
tion were ruled out because of the very limited market. However, dewatered mud does
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c
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p
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c
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c
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d
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b
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o
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c
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c
a
n
b
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i
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b
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u
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u
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t
—
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a
r
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o
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i
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e
g
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o
n
s
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e
r
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i
t
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o
e
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n
o
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r
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s
h
i
p
p
i
n
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c
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r
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r
o
m
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u
r
e
l
y
c
o
s
t
c
o
n
s
i
d
e
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a
t
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o
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s
t
h
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s
m
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t
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c
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c
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c
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b
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e
d
g
e
o
f
t
h
e
e
n
o
r
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u
s
r
e
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e
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x
y
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n
-
c
o
n
s
u
m
i
n
g
s
u
b
s
t
a
n
c
e
s
h
a
s
r
e
s
u
l
t
e
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i
n
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e
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b
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c
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.
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e
r
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o
u
s
,
h
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w
e
v
e
r
,
i
s
t
h
e
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a
c
t
t
h
a
t
l
a
r
g
e
q
u
a
n
t
i
t
i
e
s
o
f
p
e
r
s
i
s
t
e
n
t
c
o
n
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a
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n
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d
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a
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b
l
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o
s
s
i
b
l
e
t
i
m
e
,
s
o
t
h
a
t
t
h
i
s
t
y
p
e
o
f
s
e
d
i
m
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n
t
c
l
e
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r
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n
c
e
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b
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t
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d
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u
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c
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c
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p
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c
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n
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e
E
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b
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c
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c
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S
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—
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h
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p
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o
n
s
t
r
u
c
t
i
o
n
s
N
u
m
e
r
o
u
s
i
n
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e
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t
i
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a
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i
o
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s
-
e
x
p
a
n
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n
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d
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i
t
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—
s
h
a
p
e
d
c
o
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c
t
i
o
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(
B
W
V
L
1
9
8
4
,
W
o
l
f
e
t
a1.
8).
T
h
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e
s
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i
g
a
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a
v
e
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e
d
t
o
v
a
r
i
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u
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p
l
a
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n
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p
t
1
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.
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 Th
e
fu
nd
am
en
ta
l
pr
in
ci
pa
ls
of
th
e
op
ti
on
s
ar
e
to:
0
co
ns
tr
uc
t
du
ra
bl
e,
ri
gi
d h
ill
s o
f
ap
pr
ox
.
30
—
40
m
in
he
ig
ht
0
av
oi
d,
or
at
le
as
t
mi
ni
mi
ze
,
gr
ou
nd
an
d
su
rf
ac
e
wa
te
r
po
ll
ut
io
n
o
at
te
mp
t
to
bl
en
d
th
e
co
ns
tr
uc
ti
on
s
in
wi
th
th
e
la
nd
sc
ap
e
an
d
mi
ni
mi
ze
th
e
in
fl
ue
nc
es
on
th
e
im
me
di
at
e
mi
cr
oc
li
ma
te
o
av
oi
d
lo
ca
l n
ui
sa
nc
e
du
e
to
du
st
an
d
no
is
e
0
av
oi
d
th
e
en
tr
y
of
co
nt
am
in
an
ts
in
to
th
e
fo
od
ch
ai
n
An
eco
log
ica
l r
isk
ana
lys
is
of
the
pla
nni
ng
opt
ion
s s
ho
we
d
tha
t t
he
me
ri
ts
of
a
par
tiC
ula
r o
pti
on v
ari
ed
acc
ord
ing
to w
hic
h c
ont
ami
nan
t w
as
con
sid
ere
d.
Con
seq
uen
tly
, a
cri
tic
al
ove
ral
l a
ss
es
sm
en
t h
ad
to
pr
ec
ed
e a
ny
dec
isi
on.
Th
e
me
di
um
-t
er
m
co
nc
ep
t
env
isa
ges
two
sit
es
whi
ch
hav
e a
lre
ady
bee
n i
n s
erv
ice
as
pol
der
s f
or
a n
um
be
r o
f y
ear
s.
Th
e s
tor
age
cap
aci
ty
is p
ut
at
15—
20
yea
rs.
Fig
ure
8 p
rov
ide
s a
n o
utl
ine
of
the
sch
eme
.
Th
e
ba
se
is
an
inc
lin
ed,
ro
of
—s
ha
pe
d
im
pe
rm
ea
bl
e
la
ye
r o
f s
pe
ci
al
ly
br
ou
gh
t—
in
mu
d,
co
mb
in
ed
wi
th
a p
las
tic
sea
l.
La
ye
rs
of
ha
rb
ou
r m
ud
are
sto
red
on
thi
s b
as
e i
n s
uc
h a
ma
nn
er
tha
t t
he
int
erl
yin
g d
ra
in
ag
e l
aye
rs
ch
an
ne
l a
wa
y
the
wa
te
r w
hi
ch
is
pr
es
se
d o
ut.
Th
e s
urf
ace
of
the
hil
l i
s s
eal
ed
wi
th
an
ot
he
r i
mp
er
me
ab
le
lay
er
an
d p
ro
vi
de
d w
it
h a
co
ver
in
g l
aye
r (
Fig
ure
9).
Th
e
eff
ect
ive
nes
s o
f t
he
sa
fe
gua
rd
in
g s
ys
te
m i
s m
on
it
or
ed
by
me
an
s o
f e
ffl
uen
t m
ea
su
ri
ng
eq
ui
pm
en
t
in
the
dr
ai
na
ge
lay
ers
an
d
ins
pec
tio
n w
ell
s i
n t
he
vicinity.
Erosion—proof Disoosal in Off—shore Areas
Th
e a
cc
om
mo
da
ti
on
of
dre
dge
d m
ate
ria
l i
n o
ff—
sho
re
are
as
was
inv
est
iga
ted
as
a
fur
the
r o
pti
on
for
its
lon
g—t
erm
dis
pos
al.
In
the
ini
tia
l c
ons
ide
rat
ion
s b
ase
d o
n f
ind
ing
s
fro
m t
he
fie
lds
of
mar
ine
con
str
uct
ion
, g
eol
ogy
and
eco
log
y,
emp
has
is
was
pla
ced
on
est
abl
ish
ing
pos
sib
le
site
s a
nd
typ
es
of
con
str
uct
ion
.
Thi
s p
roc
edu
re
was
fol
low
ed
by
lab
ora
tor
y e
xpe
rim
ent
s i
nto
the
beh
avi
our
of
fre
shw
ate
r m
ud
in s
alt
wat
er,
wit
h r
esp
ect
to
its
che
mic
al
act
ion
, t
oxi
cit
y a
nd
acc
umu
lat
ion
of
con
tam
ina
nts
in o
rga
nis
ms.
The
con
str
uct
ion
sho
wn
in F
igu
re
10
was
the
res
ult
(Ta
mmi
nga
et
al.
198
6).
A c
los
ed
cir
cul
ar
wall
, co
nst
ruc
ted
wit
h th
e ma
teri
al e
xca
vat
ed f
rom
an
app
rox
ima
tel
y 50
m—d
eep
pit,
pro
tec
ts
the
str
uct
ure
aga
ins
t u
nwa
nte
d i
ntr
usi
on o
f s
eaw
ate
r d
uri
ng
the
fill
ing
ope
rat
ion
.
The
stru
ctur
e is
then
fille
d wit
h th
e sh
ippe
d-in
mud
and
a co
veri
ng l
ayer,
up t
o th
e
dee
pes
t po
ssib
le h
oriz
on o
f er
osio
n.
The
furt
her
dev
elo
pme
nt
can
the
n be
ent
rust
ed t
o
nature.
It re
main
s to
be s
een
whet
her
this
idea
can
be r
ealis
ed.
The
long
—ter
m sta
bilit
y an
d
acceptability is questionable from a soil mechanics and an ecological view point.
Encr
oach
ment
into
the
vici
nity
of t
he W
add
en S
ea,
or p
ossi
bly e
ven
into
the
Nort
h Se
a
itself, which this measure entails, raises questions as to its ability to be justified in view
of the increased environmental protection efforts centred on this sensitive area.
Thermal Treatment
Another basic consideration at the start of the dredged material research programme
was
to e
xami
ne c
once
ivab
le o
ptio
ns f
or us
ing
the
mate
rial
, wi
th r
egar
d to
thei
r tec
hnic
al
feasibility and environmental acceptability. From several options examined — contrary t0
the findings for mud from the River Neckar (c.f. Beitinger et al. 1985) — interest came to
focus on the manufacture of small beads and pellets. A description of the procedure is
provided by Hampel et al. (1988) and an outline of it by Figure 11. The classified,
pre—dried mud is formed into pellets and incinerated. Subsequent steps provide for a
separation of the hardened material from that which requires further incineration. These
soft pellets are ground and added to the unprocessed mud. The resulting "dilution" of the
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To minimize the contaminated sediment volumes, hydrocycloning, additional washing
of the sand, and further dewatering of the mud fraction have been studied successfully,
thus reducing the amount of hazardous dredged material that must be placed in special
disposal sites. The separation units have already been installed on a technical scale.
Several alternatives for the further handling of the contaminated fraction have been
discussed and investigated. As a stopgap solution sediment-harrowing has been practised.
This practice has led to considerable protest from environmentalists and parliamentarians
as it further endangers the already highly-strained ecology in the Elbe estuary region. In
the medium—term, a hill-shaped deposit will be constructed, sealed with special layers of
consolidated mud and draining layers to minimize groundwater pollution. The hill will be
topped with an additional barrier to prevent root penetration and then covered with
tillable materials. An additional plan involved subsurface disposal in a pit in the North Sea
and capping with a sealing layer.
A possible long—term solution might be thermal treatment (i.e. incineration of the
classified, dewatered mud), resulting in pellets. This process has been developed at the
laboratories of the Central Research and development Department of Lurgi GmbH and of
Battelle, both Frankfurt, in cooperation with the Technical Port Administration (Strom—
aund Hafenbau), Hamburg. In this method, the organic contaminants are burned off and
most of the heavy metals are bound into the pellets. Voaltile compounds (NOX, SOZ, Hg,
etc.) must be recovered before leaving the smokestack. Initial investigations have shown
that contaminants are not leached from the pellets. If contaminant containment can be
verified in systematic investigation, the pellets can be used as a gravel substitute in
construction or be otherwise disposed of.
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APPLICATION OF LIME TO EUTROPHIC SURFACE WATERS
AND CONTAMINATED SEDIMENTS
by
E.E. Prepas, Zoology Department, University of Alberta, Edmonton, Alberta
T.P. Murphy, Lakes Research Branch, NWRI, Burlington, Ontario
H. R. Hamilton, HydroQual Consultants, Calgary, Alberta
ABSTRAQT
Over the past two years we have developed technology to use lime (CaCO3 and/or
Ca(OH)2) to treat naturally eutrophic lakes, drinking water dugouts, and stormwater
retention lakes. Lime has been applied at rates up to 35 tonnes/day, and at dosages up to
250 mg/L. We have monitored the effects of these treatments on open water and
sediments. Long—term (up to 18 mo.) changes in phosphorus mobility from contaminated
sediments after lime treatment have been documented. The impact of various dosages and
forms of lime on toxicity and nutrient mobility in the sediments and overlying water in
three storm water retention lakes in the city of Edmonton are being determined.
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CHAIRMAN'S SUMMARY — PART 11
Programs in The Netherlands, West Germany, the Hudson River (New York), New
Bedford Harbor (Massachusetts) and elsewhere have given rise to a significant body of
information. These programs have provided data relating to the performance and
applicability of remediation technology at the bench— and pilot—scale, and to a lesser
degree, at the operational scale. We do, however, require more information on 'clean'
sediments from a biological rather than a chemical perspective. "How clean is clean
is not a number or a concentration but rather an effect."
The success of a remedial action program is dependent upon the establishment of
clear and concise objectives prior to taking action. Objectives may be many and
divergent, for example the restoration of a naturally—reproducing fish community free
from human consumption advisories, and complete inactivation of the contaminated
material on-site. It is important that once a remedial action has begun new
objectives should not be introduced nor should established ones be changed.
The development of technologies and the choosing of remedial options requires
information and opinions from the public as well as from scientists and engineers.
The involvement of people with different perspectives and expertise is essential to
produce ideas and to select the most suitable solution. In addition, greater funding
and emphasis needs to be placed on the research and development of new tech—
nologies.
In addition to developing and implementing suitable technologies for remediating
contaminated sediments, control of contaminants at their source was stressed. It was
agreed that benefits accrued from the cleanup of existing sediment problems would be
wasted if future contamination cannot be prevented.
Containment of contaminated sediments in CDFs is not a permanent solution. They
may represent a necessary storage and collection facility, but all of the material will
have to be treated eventually.
Practical experience gained in different countries has shown that the costs of
remediation projects can be rather easily and accurately specified; however, the
benefits, in a monetary sense, to be gained from such efforts are less easily specified
and, in some cases, unquantifiable. Furthermore, information gained through delays
in major projects has shown that the costs associated with sediment remediation
increase dramatically over short periods of time (i.e. it doesn't get any cheaper the
longer you wait to take action).
It would appear that some suitable technologies to deal with contaminated sediments
are available, such as incineration, biodegradation, hydrolysis, acid leaching, solvent
extraction, inm fixation and capping. Several technologies are under development.
The major obstacle to their final development and application, however, is the cost.
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g
 In 1984, after conducting numerous studies of PCB contamination at the site and
completing a Feasibility Study (FS), which analyzed various alternative remedies to clean
up the contamination, the EPA, in accordance with Superfund regulations, selected a
recommended remedial alternative to be implemented, using monies from the Hazardous
Substances Trust Fund (Superfund).
This remedial selection is set forth in the 1984 Record
of Decision (ROD), authorizing expenditures of $21 million to clean up the site. That same
year the engineering design work for the selected remedial action was initiated. However,
in late 1985, design work on the project was suspended, pending the conclusion of litigation
between OMC and EPA regarding access to OMC's property, since such access was
essential to continue the design process.
While this litigation was pending before the courts, Superfund Amendments and
Reauthorization Act (SARA) was enacted and signed by the President. SARA amendments
call for "permanent remedies which reduce the mobility, toxicity, or volume of hazardous
substances." Although RODs signed prior to October 1986 are not required to meet these
new requirements, EPA decided to reevaluate the 1984 ROD to develop a remedy
consistent with SARA.
About the time EPA began reviewing the remedy set forth in the 1984 ROD, EPA and
OMC agreed to end ongoing access litigation. Shortly thereafter, OMC submitted a
proposal to clean up the site. The negotiations between OMC, EPA and the Illinois
Environmental Protection Agency since late 1986 have resulted in the present Consent
Decree. Under this decree, OMC will finance a trust to implement the cleanup and will
ensure performance of the trust. The Consent Decree establishes the areas to be
remediated, the methods to be used and the financial responsibility, both immediate and
long—term, for the cleanup. A copy of the Consent Decree is available in the OMC site
information respositories.
BACKGROUND ON PCB CONTAMINATION
PCBs are compounds which belong to a broad family of organic chemicals known as
chlorinated hydrocarbons. Virtually all chlorinated hydrocarbons are synthetically
manufactured and are used for a wide variety of industrial and commercial purposes.
Manufacture of PCBs in the United States began in 1929, primarily by Monsanto
Company.
PCBs have many useful properties, including an usually good chemical and
thermal stability, fire resistance, non—conductivity and low solubility in water.
In the late 19605, evidence had accumulated that PCBs had toxic properties. One
incident of severe human contamination by extremely high levels of PCBs in Japan in
1968, led to world attention being focussed on the potential toxic effect of PCBs on
humans. Studies indicate that long—term exposure to high levels of PCBs in humans can
lead to liver and dermal disorders, and may cause cancer.
Tests on laboratory animals
show that PCBs can cause reproductive failures, liver disorders, skin lesions and tumors.
In 1971, industry limited its sales of PCBs to closed system uses (uses which do not
release fluids in the environment) and by 1977, PCBs were no longer manufactured in the
United States. However, although production was halted, most of the PCBs manufactured
between 1929 and 1971 are still in existence due to their unusual stability and persistence.
PCBs are usually found in higher concentrations in soils and sediments as the compound is
relatively insoluble in water, but readily adsorbs to soil.
Humans
are primarily exposed to
PCBs
through
accumulation
in
the
food
chain,
or bioaccumulation.
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i
a
l
.
0
The
containment
cells
are
built
inground
with
protective
slurry
walls
tied
into
the
clay
till
and
extraction
wells
to
maintain
an
inward
hydraulic
gradient
(a
l
o
w
e
r
w
a
t
e
r
level
inside
t
h
e
cell
t
h
a
n
outside).
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 o The "hot spot" material is to be treated on—site in the manner discussed above,
rather than transported off—site for disposal in a licensed PCB landfill. The
on—site treatment eliminates the need for dewatering lagoons called for in the
1984 ROD.
The
prop
osed
reme
dy w
ill g
reat
ly re
duce
exis
ting
risks
to P
CB e
xpos
ure
on O
MC
property and will improve the water quality of Waukegan Harbor. The 1988 remedy will
resul
t in
prot
ecti
on o
f pub
lic
heal
th a
nd t
he e
nvir
onme
nt a
t lea
st e
quiv
alen
t to
that
associated with the 1984 ROD. The 1984 ROD determined that excavation and off—site
disp
osal
of h
ot s
pot
area
s wa
s ne
ces
sar
y to
enh
anc
e th
e re
liab
ilit
y of
on—s
ite
cont
ain—
ment. The proposed remedy expands the amount of material designated for removal and
treatment by including all contaminated materials in excess of 500 mg/kg, rather than the
1984 level of those in excess of 10,000 mg/kg.
The hot spot material, rather than being transported off—site for disposal in a licensed
landf
ill,
will
be t
reat
ed s
o tha
t, af
ter
star
tup,
at l
east
97%
of t
he P
CBs
will
be r
emov
ed
and
dest
roye
d. T
he p
ubli
c wil
l no
t be
expo
sed
to t
he r
isks
invo
lved
in tr
ansp
orti
ng la
rge
amou
nts
of c
onta
mina
ted
mate
rial
s of
f—sit
e. I
n add
itio
n, t
reat
ment
of t
he P
CBs
in th
is
mann
er i
s con
sist
ent
with
the
goal
of S
ARA
to p
erma
nent
ly r
educ
e th
e tox
icity
, mo
bili
ty
and volume of hazardous materials.
Plac
ing
low
conc
entr
atio
n ma
teri
als
from
the
Uppe
r Ha
rbor
in th
e Sli
p 3 C
onta
inme
nt
Cell
will
prov
ide
an e
quiv
alen
t le
vel o
f pro
tect
ion
as th
e ab
ove—
grou
nd v
ault
spec
ifie
d in
the 1
984 R
OD.
Conta
inmen
t in S
lip 3
reduc
es th
e risk
s inh
erent
in ha
ndlin
g and
trans
port-
ing
the
cont
amin
ated
mate
rial
s an
d el
imin
ates
the u
se o
f on
—sit
e de
wate
ring
lago
ons.
This
cont
ainm
ent
alte
rnat
ive
was
prev
ious
ly r
eco
mme
nde
d by
EPA,
but
was
with
draw
n bec
ause
of the economic impact on the harbor. The 1988 proposed remedy allows the advantages
of this containment method while providing for the economic well-being of the businesses
affected. -
The containment cells actively prevent migration of PCBs through slurry walls by
maintaining an inward hydraulic gradient through a system of extraction wells. The
volume of sediments being placed into the cells is greater than in the 1984 remedy;
however, the sediments will have been treated on—site and 97% of the PCBs extracted,
thus reducing the volume of PCBs in the cells. In addition, the cells will be capped with a
synthetic liner which will prohibit precipitation infiltrating from the outside. Samples will
be taken at regular intervals from monitoring wells outside the walls of the cells to ensure
that PCBs are not migrating into the surrounding soils and groundwater, thus safeguarding
the public health and environment.
Editor's Note:
On M
arch
31,
1989
, EP
A Re
gion
V Ad
mini
stra
tor,
V.V.
Adam
kus,
sign
ed t
he a
mend
ed
Record of Decision (ROD), which contains the final remedial action plan adopted by the
EPA. In addition to the sediments, all soils in excess of 10,000 mg/kg of PCBs will also be
excavated and treated. Treatment will be on—site by thermal extraction. The extracted
PCBs will be transported to an off-site facility for high temperature combustion (>2200°F
or 1214°C) in compliance with the Toxic Substances Control Act. No soils or sediments
that exceed 50 mg/kg PCBs will remain on-site, except those within the containment cells.
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 T
H
E
C
O
N
T
A
M
I
N
A
T
E
D
S
E
D
I
M
E
N
T
S
O
F
H
A
M
I
L
T
O
N
H
A
R
B
O
U
R
1
by
S
.
P
a
i
n
t
e
r
,
T
.
M
u
r
p
h
y
,
a
n
d
D
.
B
o
y
d
H
a
m
i
l
t
o
n
H
a
r
b
o
u
r
R
e
m
e
d
i
a
l
A
c
t
i
o
n
P
l
a
n
T
e
a
m
ABST RACT
F
r
o
m
1
9
6
2
t
o
1
9
8
5
,
l
o
a
d
i
n
g
s
o
f
c
o
n
v
e
n
t
i
o
n
a
l
p
o
l
l
u
t
a
n
t
s
i
n
t
o
H
a
m
i
l
t
o
n
H
a
r
b
o
u
r
w
e
r
e
r
e
d
u
c
e
d
6
0
-
9
5
%
.
W
a
t
e
r
q
u
a
l
i
t
y
o
b
j
e
c
t
i
v
e
s
f
o
r
c
o
n
t
a
m
i
n
a
n
t
s
i
n
t
h
e
w
a
t
e
r
c
o
l
u
m
n
h
a
v
e
r
a
r
e
l
y
b
e
e
n
e
x
c
e
e
d
e
d
d
u
r
i
n
g
t
h
e
l
a
s
t
t
w
o
y
e
a
r
s
(
1
9
8
6
—
8
7
)
.
B
e
n
t
h
i
c
i
n
v
e
r
t
e
b
r
a
t
e
p
o
p
u
l
a
—
t
i
o
n
s
h
a
v
e
r
e
s
p
o
n
d
e
d
t
o
t
h
e
r
e
d
u
c
e
d
l
o
a
d
i
n
g
s
b
y
o
c
c
u
p
y
i
n
g
n
e
a
r
l
y
t
h
e
c
o
m
p
l
e
t
e
s
e
d
i
m
e
n
t
w
i
t
h
o
t
h
e
r
s
.
R
e
m
e
d
i
a
l
a
c
t
i
o
n
s
d
e
a
l
i
n
g
W
i
t
h
t
h
e
s
e
d
i
m
e
n
t
h
a
v
e
t
h
e
i
r
o
w
n
e
n
v
i
r
o
n
m
e
n
t
a
l
r
i
s
k
s
a
n
d
p
r
e
s
u
m
a
b
l
y
a
r
e
c
o
n
t
e
m
p
l
a
t
e
d
o
n
l
y
a
f
t
e
r
p
o
i
n
t
s
o
u
r
c
e
r
e
d
u
c
t
i
o
n
s
c
a
n
e
n
s
u
r
e
a
n
a
c
c
u
m
u
l
a
t
i
o
n
o
f
h
a
z
a
r
d
—
f
r
e
e
s
e
d
i
m
e
n
t
.
T
h
e
s
e
d
i
m
e
n
t
a
t
i
o
n
r
a
t
e
is
a
p
p
r
o
x
i
m
a
t
e
l
y
3
m
m
p
e
r
y
e
a
r
,
l
a
r
g
e
l
y
d
u
e
t
o
e
r
o
s
i
o
n
o
f
"
c
l
e
a
n
"
s
o
i
l
f
r
o
m
t
h
e
w
a
t
e
r
s
h
e
d
.
S
u
s
p
e
n
d
e
d
p
a
r
t
i
c
u
l
a
t
e
s
a
r
e
o
n
l
y
s
l
i
g
h
t
l
y
l
e
s
s
c
o
n
t
a
m
i
n
a
t
e
d
t
h
a
n
t
h
e
p
r
e
s
e
n
t
s
e
d
i
m
e
n
t
s
u
r
f
a
c
e
.
T
h
i
s
p
h
e
n
o
m
e
n
o
n
w
o
u
l
d
i
n
d
i
c
a
t
e
t
h
a
t
t
h
e
s
u
r
f
i
c
i
a
l
s
e
d
i
m
e
n
t
s
a
r
e
n
o
t
y
e
t
i
n
e
q
u
i
l
i
b
r
i
u
m
w
i
t
h
t
h
e
c
u
r
r
e
n
t
l
o
a
d
i
n
g
r
e
g
i
m
e
a
n
d
t
h
a
t
p
o
i
n
t
s
o
u
r
c
e
l
o
a
d
i
n
g
s
a
r
e
c
o
n
t
a
m
i
n
a
t
i
n
g
t
h
e
s
u
s
p
e
n
d
e
d
p
a
r
t
i
c
u
l
a
t
e
s
a
b
o
v
e
b
a
c
k
g
r
o
u
n
d
c
o
n
c
e
n
t
r
a
t
i
o
n
s
.
T
h
e
m
a
n
a
g
e
m
e
n
t
o
f
c
o
n
t
a
m
i
n
a
t
e
d
s
e
d
i
m
e
n
t
s
i
n
t
h
e
h
a
r
b
o
u
r
r
e
q
u
i
r
e
s
a
n
s
w
e
r
s
t
o
a
n
u
m
b
e
r
o
f
q
u
e
s
t
i
o
n
s
.
H
a
v
e
t
h
e
l
o
a
d
i
n
g
s
o
f
p
o
l
l
u
t
a
n
t
s
i
n
t
o
t
h
e
h
a
r
b
o
u
r
b
e
e
n
r
e
d
u
c
e
d
s
u
f
f
i
c
i
e
n
t
l
y
t
o
w
a
r
r
a
n
t
r
e
m
e
d
i
a
l
a
c
t
i
o
n
s
f
o
r
t
h
e
c
o
n
t
a
m
i
n
a
t
e
d
s
e
d
i
m
e
n
t
s
?
If
c
u
r
r
e
n
t
l
o
a
d
i
n
g
s
c
o
n
t
i
n
u
e
,
w
h
a
t
wi
l
l
b
e
t
h
e
c
o
n
t
a
m
i
n
a
n
t
s
t
a
t
u
s
a
n
d
e
n
v
i
r
o
n
m
e
n
t
a
l
s
i
g
n
i
f
i
c
a
n
c
e
o
f
t
h
e
s
e
d
i
m
e
n
t
s
1
0
-
3
0
y
e
a
r
s
(
3
—
1
0
c
m
)
f
r
o
m
n
o
w
?
A
r
e
t
h
e
s
o
l
u
t
i
o
n
s
w
o
r
s
e
t
h
a
n
t
h
e
p
r
o
b
l
e
m
?
W
h
a
t
w
o
u
l
d
b
e
t
h
e
e
n
v
i
r
o
n
m
e
n
t
a
l
b
e
n
e
f
i
t
s
o
f
r
e
m
e
d
i
a
l
a
c
t
i
o
n
s
o
n
t
h
e
c
o
n
t
a
m
i
n
a
t
e
d
s
e
d
i
m
e
n
t
s
?
I
N
T
R
O
D
Q
Q
T
I
Q
N
H
a
m
i
l
t
o
n
H
a
r
b
o
u
r
is
l
o
c
a
t
e
d
at
t
h
e
w
e
s
t
tip
o
f
L
a
k
e
O
n
t
a
r
i
o
(Figure
l).
A
s
a
n
d
b
a
r
s
e
p
a
r
a
t
e
s
t
h
e
h
a
r
b
o
u
r
f
r
o
m
L
a
k
e
O
n
t
a
r
i
o
a
n
d
e
x
c
h
a
n
g
e
w
i
t
h
t
h
e
l
a
k
e
is
a
c
c
o
m
m
o
d
a
t
e
d
t
h
r
o
ug
h
t
h
e
B
u
r
l
i
n
g
t
o
n
S
h
i
p
C
a
n
a
l
.
T
h
e
h
a
r
b
o
u
r
is
triangular
in
s
h
a
p
e
w
i
t
h
a
n
e
a
s
t
-
w
e
s
t
axis
o
f
8
k
m
a
n
d
a
n
o
r
t
h
-
s
o
u
t
h
axis
o
f
5
k
m
.
T
h
e
s
ur
f
a
c
e
a
r
e
a
o
f
H
a
m
i
l
t
o
n
H
a
r
b
o
u
r
is
2150
hectares.
W
i
t
h
a
m
e
a
n
d
e
p
t
h
of
13
m
a
n
d
a
m
a
x
i
m
u
m
d
e
p
t
h
of
26
m
,
the
harbour
has
a
theoretical
r
e
s
i
d
e
n
c
e
t
i
m
e
o
f
o
v
e
r
4
0
0
d
a
ys
but
e
x
c
h
a
n
g
e
with
L
a
k
e
Ontario
shortens
the
r
e
s
i
d
e
n
c
e
t
i
m
e
t
o
a
n
a
v
e
r
a
g
e
o
f
o
n
l
y
9
0
d
a
y
s
.
\
1The
information
contained
in
this
report
has
b
e
e
n
condensed
f
r
o
m
the-March
198$
Remedial
Action
Plan
for
Hamilton
Harbour,
Goals,
Problems
and
Options
discuss10n
document.
For
further
information,
refer
to
the
discussion
document
or
contact
the
RAP
Team
coordinator,
Dr.
G.
K.
Rodgers,
Environment
Canada,
Burlington
Ontario,
L7R
4A6.
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HAMIL
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FIG
URE
I
HAM
ILT
ON
HAR
BOU
R
WAT
ERS
HED
DRA
INA
GE
BAS
IN
 T
h
e
t
o
t
a
l
d
r
a
i
n
a
g
e
b
a
s
i
n
o
f
H
a
m
i
l
t
o
n
H
a
r
b
o
u
r
i
s
4
9
,
4
0
0
h
e
c
t
a
r
e
s
.
T
h
e
d
r
a
i
n
a
g
e
b
a
s
i
n
is
felt
t
o
b
e
a
n
i
n
s
i
g
n
i
f
i
c
a
n
t
s
o
u
r
c
e
o
f
c
o
n
t
a
m
i
n
a
n
t
s
in
H
a
m
i
l
t
o
n
H
a
r
b
o
u
r
.
T
h
e
H
a
m
i
l
t
o
n
a
n
d
B
u
r
l
i
n
g
t
o
n
s
e
w
a
g
e
t
r
e
a
t
m
e
n
t
p
l
a
n
t
s
(
S
T
P
s
)
d
i
s
c
h
a
r
g
e
3
9
1
,
0
0
0
m
3
i
n
t
o
H
a
m
i
l
t
o
n
H
a
r
b
o
u
r
.
A
l
l
i
n
d
u
s
t
r
i
e
s
in
H
a
m
i
l
t
o
n
d
i
s
c
h
a
r
g
e
t
h
e
i
r
w
a
t
r
e
a
t
m
e
n
t
p
l
a
n
t
;
h
o
w
e
v
e
r
,
b
o
t
h
S
t
e
l
c
o
a
n
d
D
o
f
a
s
c
o
d
i
s
c
h
a
r
g
e
a
p
o
r
t
i
directly
into
t
h
e
h
a
r
b
o
u
r
a
f
t
e
r
o
n
—s
i
t
e
t
r
e
a
t
m
e
n
t
.
C
o
m
b
i
n
e
d
s
e
w
e
r
s
r
a
i
n
e
v
e
n
t
s
a
n
d
r
e
s
u
l
t
i
n
s
e
w
a
g
e
e
n
t
e
r
i
n
g
t
h
e
h
a
r
b
o
u
r
d
i
r
e
c
t
l
y
.
S
i
g
n
i
f
i
c
a
n
t
(
6
0
-
9
5
%
)
l
o
a
d
i
n
g
r
e
d
u
c
t
i
o
n
s
i
n
m
o
s
t
c
o
n
t
a
m
i
n
a
n
t
s
h
a
v
e
o
c
c
u
r
r
e
d
o
v
e
r
t
h
e
last
d
e
c
a
d
e
.
WATER ALITY
T
h
e
m
a
j
o
r
i
t
y
o
f
m
e
t
a
l
l
o
a
d
i
n
g
s
a
r
e
f
r
o
m
t
h
e
s
t
e
e
l
i
n
d
u
s
t
r
i
e
s
.
T
a
b
l
e
1
p
r
e
s
e
n
t
s
a
v
e
r
a
g
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
t
r
a
c
e
m
e
t
a
l
s
in
1
9
8
2
a
n
d
1
9
8
4
—
8
7
.
I
n
a
d
d
i
t
i
o
n
,
t
h
e
P
r
o
v
i
n
c
i
a
l
W
a
t
e
r
Q
u
a
l
i
t
y
O
b
j
e
c
t
i
v
e
s
(
P
W
Q
O
)
a
n
d
t
h
e
%
e
x
c
e
e
d
e
n
c
e
s
o
f
t
h
e
O
b
j
e
c
t
i
v
e
s
a
r
e
also
presented.
TABLE 1
T
R
A
C
E
M
E
T
A
L
C
O
N
C
E
N
T
R
A
T
I
O
N
S
1
9
8
2
A
N
D
1
9
8
4
-
8
7
(pg/1)
M
E
T
A
L
C
O
N
C
E
N
T
R
A
T
I
O
N
S
P
W
Q
O
%
E
X
C
E
E
D
E
N
C
E
1
9
8
2
1
9
8
4
-
8
7
1
9
8
2
1
9
8
4
-
8
7
1
9
8
6
-
8
7
Copper
7.6
3
5
69
ll
<1
Nickel
7.2
4
25
4
1
<1
Zinc
23.3
17
30
30
6
2.7
C
a
d
m
i
u
m
<0.2
-
N
D
0.2
19
9
0
Lead
4.8
N
D
25
1
0
0
Iron
248.3
191
300
33
15
9
Manganese
56.2
82
N
/
A
N
/
A
N
/
A
Mercury
0.07
—
0.2
2
-
Arsenic
<1.0
-
100
0
-
N
/
A
-
N
o
t
a
v
a
i
l
a
b
l
e
N
D
—
N
o
t
d
e
t
e
c
t
e
d
The
average
concentrations
meet
Water
Quality
Objectives.
Loading
reductions
from
the
iron
and
steel
industries
implemented
in
1983/84
and
continuing
today,
have
translated
into decreased
concentrations
of
trace
metals
as
well
as
decreased
frequency
of
exceed-
ences of
the
objectives.
Except
for
iron, very
few
exceedences
of
the Water
Quality
Objectives
for
trace
metals
have
been
observed since
1985.
Manganese
and
iron are
occasionally
released
from
the
bottom
sediments
during
summer
and
exceedences
of the
Iron
objective
have
been
observed
in
the
hypolimnetic
water
only.
Organic contaminants have been infrequently determined in the waters of Hamilton
Harbour.
Concentrations of organics
have
been
low, with few exceedences
of water
cluality guidelines.
 
 SEDIMENT ALITY
Existing data suggest that a large zone of similar sediments covers the entire
deep—water area of the harbour. Pollutants have been gradually mixed and transported
towards the deep central basin. Other distinct zones occur near the Burlington Ship Cana1,
where the effects of lake—harbour exchange are important, and along the north shore,
where shallow—water silty sediments of lower pollutant concentrations are found. The
west end is distinct due to the influence of Cootes Paradise and Grindstone Creek. The
spatial pattern of surficial sediment concentrations of zinc, lead, copper, mercury,
polychlorinated biphenyls (PCBs) and polyaromatic hydrocarbons (PAHs) are presented in
Figures 2—7.
Most of the surficial sediments in Hamilton Harbour are gray to black, and rich in silt
and clay. Sandy sediments are found along the north shore, near the Ship Canal and at the
entrance to Cootes Paradise (Figure 8). The depth of recent sediments is presented in
Figure 9. The sedimentation rate is 3 mm/yr, with the majority of the suspended solids
originating from the watershed.
Comparison of suspended particulates and surficial sediments would suggest that an
equilibrium has been achieved between loadings and the accumlating sediment surface for
lead and nickel, but some improvement in the sediment is yet to be expected in iron, zinc,
copper and cadmium (Table 2). Manganese is released from the sediments into the
overlying water and the comparison between suspended particulates and the surficial
sediments illustrates the loss of manganese.
TABLE 2
TRACE METALS IN SUSPENDED SOLIDS AND SURFICIAL
SEDIMENTS (1980 AND 1986)
METAL SUSPENDED PARTICULATES SURFICIAL SEDIMENTS
1982 1986 1980 1986
Iron mg/g 35 53 68 74
Manganese mg/g 20 9.6 1.9 2.1
Zinc ug/g 1050 1797 2700 2180
Lead pg/g 192 307 310 281
Copper pg/g 103 105 130 158
Cadmium ug/g - 6.3 5.7 14.1
Nickel pg/g
50
52
66
55
Metals
Metal levels in the surficial 1 cm slice of the sediment from the centre of the harbour
from 1976 and 1986 are presented in Table 3. Decreased loadings have translated into
decreased concentrations of metals in the surficial sediments. Based on the suspended
particulate data above, some further improvements can yet be expected in iron, zinc,
copper and cadmium.
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used by the regional staff when necessary.
The rationale for the concentrations chosen in
the restricted CDF is that the sediment would not exceed the upper range of normality of
urban soils in Ontario.
The
US.
Environmental Protection Agency
(USEPA) also has
guidelines for the classification of contaminated sediments.
The
EPA
heavily polluted
criteria are included in Table 4 for comparison.
Other countries also have soil con—
tamination guidelines and examples of acceptable targets are provided in Table 5.
 
TABLE 4
MOE AND
USEPA GUIDELINES FOR
DISPOSAL OF DREDGED
SEDIMENT
(All units in pg/g unless otherwise specified)
UNRESTRICTED
RESTRICTED
EPA HEAVILY
CDF
CDF
POLLUTED
Iron mg/g
10
35
>25
Copper
25
100
>50
Chromium
25
120
>75
Nickel
25
60
>50
Zinc
100
500
>200
Lead
50
500
>60
Cadmium
1
4
‘
>6
Mercury
0.3
0.5
>1
Arsenic
8
20
>8
PCBs
0.05
2
>1
BIOLOGY
Benthos
Johnson and Matheson
(1968) sampled the benthic community of Hamilton Harbour in
1964.
Their results indicated a
severely degraded ecosystem,
dominated
by pollution—
tolerant oligochaetes (worms).
Limnodrillus hoffmeisteri occurred at all the sites sampled
and represented 50%
of the
total
mature
population of oligochaetes.
Tubifex
tubifex was
found at 85%
of
the sites and
contributed 30%
to the population.
More
sensitive species,
such as Quistadrillus multisetosus, made
up less than 5%
of the population and occurred at
less than 30% of the sample sites.
Oligochaete abundance was highest in the area adjacent
to the
Burlington Ship Canal
suggesting a positive
effect
of Lake
Ontario
on
Hamilton
Harbour
water
and/or
sediment
quality.
Low
abundance
in
the
rest
of
the
harbour,
particularly
in a
2
km2
"toxic
zone"
close to
the
Ottawa
Street
slip,
supported
the
hypothesis that poor water quality and/or sediment toxicity was inhibiting the abundance
and distribution of oligochaetes in the harbour.
Four genera of chironomids were reported
in the harbour in 1964.
 
The
harbour
was
resampled
in
1984
to determine
the response
of
the benthic
com—
munity
to
remedial
actions
implemented
between
1964
and
1984.
The
harbour
was
dominated by oligochaetes.
Abundance ranged from
absent at the south end of the Ottawa
St.
slip
to
450,000
organisms
m"2
in Windermere
Basin
and
in
the
deep
central
basin.
Average
biomass
was
between
10,000
and
100,000
oligochaetes
m“2
(Figure
10).
Quistadrillus multisetosus,
a pollution—sensitive oligochaete
was 42%
of the total benthic
—130-
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 '. TABLE 5
SOME
EXAMPLES
OF
TARGET
VALUES
OR
STANDARDS
FOR
SOILS
OR
SEDIMENTS
IN
OTHER
COUNTRIES
 
GERMANY
B RITAIN
NETHERLANDS
(SEDIMENT)
USDA
Soil
Soil
GERMANY
Open Sea -—— Landfill
soil
ppm
CDF
As <20 <40 20
Cd
<1
<2
3
<6
> 32
2.5
Cu
<20
<60
100
<60
>370
125
Hg
<1
2
<.3
>
10
5
Ni
<50
<100
50
62
Pb
<20
<150
100
<110
>660
500
Zn
<50
<200
300
<370
>233
250
German Standards from: Kloke, A., D.R. Sauerbeck and H. Vetter.
1984.
"The
contamination of plants and soils with heavy
metals and the transport of metals in
terrestrial food chains."
In: Changing Metal
Cycles
and
Human
Health,
ed., J .O. Nriagu,
pp. 113—141.
British
information
from:
Thornton
I. and
P.
Abrahams.
1984.
"Historical
record
of
metal
pollution in the
environment."
In: Changing
Metal
Cycles
and
Human
Health,
ed.
J .O.
Nriagu, pp. 7-25.
invertebrate
population.
Limnodrillus
hoffmeisteri
and
Tubifex
tubifex,
pollution—tolerant
oligochaetes,
were
32
and
10%
of
the
population.
Chironomids
were
present
at
all the
littoral sites
sampled.
Mean
abundance
at
the
littoral
sites
was
302
organisms
m‘z.
Visual
surveys
conducted
in
1988
indicate
the
presence
of
extensive
clam
beds
in
the
shallow
water
between
LaSalle
Marina
and
the
north
east
corner
of
the
harbour.
Although
the
benthic
community
in
Hamilton
Harbour
is
indicative
of
a
highly
eutrophic
environment,
substantial
improvements
have
occurred
in
the
abundance
and
community
composition
since
1964.
The
"toxic
zone"
described
in
1964
has
been
reduced
from
2
km2
to
a
small
area
at
the
south
end
of
the
Ottawa
St.
slip.
Biomass
throughout
‘
the
harbour
has
increased
between
5
and
20
fold
and
the
community
composition
has
shifted
away
from
pollution—tolerant
species
towards
more
pollution-sensitive
species.
An
additional
four
genera
of
Chironomids
were
found
in
1984.
Sphaerids
(indicators
of
good
water
quality),
which
were
not
found
in
the
1964
survey,
occurred
in
11
sites
in
1984.
Elevated
concentrations
of
contaminants
in
lake
sediments
are
of
concern
because
of
potential
toxicity
or
food
web
related
impacts
on
aquatic
biota,
particularly
benthic
invertebrates.
Effects
on
benthic
organisms
may
be
acute
or
chronic
and
in
either
case
may
lead
to
an
adverse
impact
on
community
structure.
This
impact
may
disrupt
the
species
diversity
and
numbers
of
predator
organisms
and
ultimately
lead
to
the
loss
of
desirable
species
at
higher
trophic
levels
(e. g.
sport
fish).
The
profundal
benthic
community
of
Hamilton
Harbour
reflects
the
impact
of
low
dissolved
oxygen
during
the
summer
months.
Low
hypolimnetic
oxygen
concentrations
from
mid-June
to
m
i
d
-
S
e
p
t
e
m
b
e
r
limit
the
deep
water
benthos
to
species
that
can
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withstand low dissolved oxygen for prolonged periods.
Although sediments in the deep
water
basin are contaminated
with organic
and inorganic
pollutants, the toxicity of these
chemicals to benthic invertebrates is masked by the adverse effects of low dissolved
oxygen.
Attempts
to correlate
the
abundance
and composition of the benthic community
with contaminant concentrations failed because of auto—correlations between contaminant
concentrations, organic composition of the sediment (grain size), depth and dissolved
oxygen-
Sediment extracts frOm 7 of 62 locations in Hamilton Harbour killed 70% or more of I
the zooplankter, Qapjmia magn_a_, within 48 hours (Figure ll). The more toxic sediments
were adjacent to the steel mills. The sediments from the northern and western portions of
the harbour were either not toxic or killed less than 30% of the Daphnia. Whole sediments
from near the steel mills greatly depressed the oxygen consumption of the bacterium,
Photobacterium, whereas other sediments were much less toxic. The oxygen demand of
the sediments was significantly correlated with the acute toxicity of the sediments to
Daphnia. The acute toxicity of the sediments to Daphnia was reduced by either bubbling
the sediments with oxygen for two days or by the addition of 10-200 mg/l of lime. The
concentrations of copper, iron and zinc in some sediment extracts exceeded levels known
to be toxic to Daphnia; however, a simple relationship between sediment toxicity and
metal concentration could not be found.
Elevated concentrations of zinc, lead, copper and iron in the deep water sediments
suggest that these sediments may be toxic to burrowing organisms such as Pgntopgreia and
thronomus. Dermott (unpub.) conducted bioassays to determine the acute toxicity of
various Hamilton Harbour sediments to the amphipod, Pontopgreia hgﬁ and to the
chironomid, Chironomus semireductus. Both species are dominant benthic invertebrates in
portions of Lake Ontario, with Q. semireductus being common in the shallow bays of the
lake. 2. m, an important food organism for Whitefish, was abundant in Hamilton Harbour
in the late 18005. '
Sediments from the deeper stations in Hamilton Harbour were acutely toxic to E. h_oLi
within 168 hours (65—85%). Exposure to sediments from Cootes Paradise, Lake Ontario,
the Bay of Quinte and the shallow water site on the north shore of the harbour caused less
than 15 percent mortality in 168 hours, with no significant difference in mortality
between these samples. Cause and effect relationships are difficult to establish from field
bioassays. However, concentrations of zinc, lead, iron and chromium were higher in the
more toxic sediments (Table 6).
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 TABLE 6
MORTALITY OF Pontoporeia AND Chironomus, AND CONTAMINANTS
IN HAMILTON HARBOUR SEDIMENTS
(Units in mg/kg unless otherwise stated)
HIGH MORTALITY LOW MORTALITY
TO PQNTOPOREIA T P NTOP REIA
HAMILTON HARBOUR HARBOUR LAKE BAY OF COOTES
HIGH MORTALITY LOW MORT. ONT. QUINTE PARADISE
Pontoporeia
Mort.(%) 65 65 85 5 10 15 8
9111mm;
Mort.
(°/o)
12
25
15
13
8
7
23
DEP
TH
(m)
11
23
19
5
125
5
2
Cd
3.9
5.2
0.2
2.9
2.0
1.4
1.0
Cr
62.
7
122
.6
150
.7
30.
7
17.
6
10.
5
10.9
Cu
76.
0
101
.0
274
.6
73.
8
68.
7
26.
7
43.
3
Fe
(mg
/g)
14.
2
23.
2
25.
4
10.
7
10.
4
10.
5
10.
3
Mn
(mg
/g)
1.5
2.0
2.0
0.6
1.6
0.6
0.7
Ni
28.
7
35.
0
0.6
13.
9
41.
0
16.
0
12.
7
Pb
181
.7
292
.3
336
.0
56.
2
87.
0
54.
2
69.
3
Zn
142
5.4
199
9.7
246
8.3
38
2
12.
0
128
.7
253
.5
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 Five
of
the
12
species
have
limitations
on
consumption
of
some
sizes
of
those
fish
Seven
spec1es do
not
have
any
advised
consumption limitations placed on
them.
Consumption
limitations
arise from
the presence of one or more
of three contaminants
mercury, PCBs, and mirex. '
Mercury
levels
in
freshwater
drum
(sheepshead)
were
found
to average
0.56
mg/kg
ranging between
0.16 and
1.2 mg/kg.
Statistical projection indicates that this species,
would exceed 0.5 mg/kg mercury in the 35 to 45 cm
size range, and would also exceed 1.0
mg/kg
mercury
in the
45
to 55
cm
size range.
Assessment
of the organic
contaminant
data for this species showed mirex levels were calculated to exceed the 0.1 ppm federal
guideline in the 45 to 55 cm size range of fish in this sample, resulting in further advised
restrictions on the consumption of large freshwater drum.
In the case of the consumption advice on white perch, both PCB and mirex were found
to exceed the respective federal guidelines of 2.0 mg/kg PCB and 0.1 ppm mirex in the 25
to 30 cm length range. While in this same sample, mercury was calculated to exceed the
0.5 mg/kg guideline in the 30 to 35 cm size range; this exceedence is over—ridden by the
exceedences for PCB and mirex.
Carp over 65 cm in length are advised for restricted consumption based on the
projection that PCB will exceed 2.0 mg/kg in specimens between 65 and 75 cm in length.
While the sample of channel catfish was small, the PCB and mirex levels in nearly all
individuals exceeded the federal guidelines. For this reason, all sizes of channel catfish
from Hamilton Harbour are advised for restricted consumption only. This restriction
includes specimens in the length range from 20 to 65 cm.
In the case of brown trout, again, a species collected only in small numbers, most of
the fish collected exceeded the federal guideline for mirex. Calculations indicated that
brown trout from 45 to 65 cm would exceed 0.1 mg/kg mirex. Brown trout in the size
range collected were calculated not to exceed the 2.0 mg/kg PCB or 0.5 mg/kg mercury
guidelines.
 
The other seven species (rainbow smelt, brown bullhead, northern pike, black crappie,
white sucker, white bass and yellow perch are considered as suitable for consumption in
regard to federal guidelines for mercury, PCB, mirex and DDT.
More recent data were collected in 1987 by Fisheries and Oceans. Composite whole
fish samples of carp, white perch, brown bullheads and white suckers (two pooled samples
of 10 large and 10 small fish of each species) were analyzed in 1987. The results indicate
that carp and white perch in Hamilton Harbour are accumulating PCBs. Concentrations
of mirex, DDT, DDE, HCB, chlordane, dieldrin and endrin were below consumption
advisory levels. PCB accumulation in carp occurs at several other sites on Lake Ontario
and consumption advisories (based on PCBs, mirex and pesticides) are in effect at five of
the nine sites sampled in Lake Ontario and the St. Lawrence River.
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ur f
ish.
Majo
r re
duct
iOns
in th
e PC
B co
nten
t ha
ve
occurred.
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TABLE 7
P
C
B
C
O
N
C
E
N
T
R
A
T
I
O
N
S
I
N
F
I
S
H
F
R
O
M
H
A
M
I
L
T
O
N
H
A
R
B
O
U
R
(mg/kg wet)
1981
F
I
S
H
E
A
R
L
I
E
S
T
C
O
N
C
E
N
T
R
A
T
I
O
N
F
I
S
H
C
O
N
C
E
N
T
R
A
T
I
O
N
P
i
k
e
-
P
i
k
e
0
.
4
9
C
a
r
p
1
9
7
6
8
.
9
C
a
r
p
0
.
0
2
B
u
l
l
h
e
a
d
s
1
9
7
2
4
.
0
B
u
l
l
h
e
a
d
s
0
.
0
4
Y
e
l
l
o
w
P
e
r
c
h
1
9
7
6
0
.
5
2
Y
.
P
e
r
c
h
0
.
1
W
h
i
t
e
P
e
r
c
h
1
9
7
8
1
.
1
3
W
.
P
e
r
c
h
0
.
4
2
S
u
n
f
i
s
h
1
9
7
2
2
.
5
P
u
m
p
k
i
n
s
e
e
d
0
.
0
2
C
o
n
s
u
m
p
t
i
o
n
G
u
i
d
e
l
i
n
e
is
2
m
g
/
k
g
P
a
c
i
f
i
c
s
a
l
m
o
n
,
l
a
k
e
t
r
o
u
t
,
r
a
i
n
b
o
w
t
r
o
u
t
,
b
r
o
w
n
t
r
o
u
t
,
w
h
i
t
e
p
e
r
c
h
,
w
h
i
t
e
s
u
c
k
e
r
s
,
y
e
l
l
o
w
p
e
r
c
h
,
A
m
e
r
i
c
a
n
s
m
e
l
t
,
w
h
i
t
e
b
a
s
s
,
f
r
e
s
h
w
a
t
e
r
d
r
u
m
a
n
d
c
a
r
p
,
m
i
g
r
a
t
e
i
n
t
o
t
h
e
h
a
r
b
o
u
r
a
n
d
C
o
o
t
e
s
P
a
r
a
d
i
s
e
f
r
o
m
L
a
k
e
O
n
t
a
r
i
o
.
S
o
m
e
s
p
e
c
i
e
s
,
s
u
c
h
a
s
c
a
r
p
a
n
d
w
h
i
t
e
p
e
r
c
h
,
r
e
m
a
i
n
i
n
t
h
e
h
a
r
b
o
u
r
a
n
d
C
o
o
t
e
s
P
a
r
a
d
i
s
e
f
r
o
m
M
a
y
t
o
N
o
v
e
m
b
e
r
a
n
d
c
o
n
t
a
m
i
n
a
n
t
b
u
r
d
e
n
s
d
u
r
i
n
g
t
h
i
s
p
e
r
i
o
d
o
f
m
a
x
i
m
u
m
f
e
e
d
i
n
g
a
r
e
s
t
r
o
n
g
l
y
i
n
f
l
u
e
n
c
e
d
b
y
l
o
c
a
l
c
o
n
d
i
-
t
i
o
n
s
.
T
r
o
u
t
a
n
d
s
a
l
m
o
n
e
n
t
e
r
t
h
e
h
a
r
b
o
u
r
f
o
r
s
h
o
r
t
p
e
r
i
o
d
s
i
n
t
h
e
s
p
r
i
n
g
a
n
d
fall
a
n
d
c
o
n
t
a
m
i
n
a
n
t
b
u
r
d
e
n
s
i
n
t
h
e
s
e
s
p
e
c
i
e
s
a
r
e
m
o
r
e
r
e
p
r
e
s
e
n
t
a
t
i
v
e
o
f
L
a
k
e
O
n
t
a
r
i
o
e
x
p
o
s
u
r
e
.
C
o
n
s
u
m
p
t
i
o
n
a
d
v
i
s
o
r
i
e
s
f
o
r
s
a
l
m
o
n
a
n
d
t
r
o
u
t
a
r
e
i
n
e
f
f
e
c
t
a
t
m
o
s
t
L
a
k
e
O
n
t
a
r
i
o
s
i
t
e
s
.
S
t
u
d
i
e
s
o
f
b
l
o
o
d
l
e
a
d
l
e
v
e
l
s
h
a
v
e
d
e
m
o
n
s
t
r
a
t
e
d
l
i
t
t
l
e
d
i
f
f
e
r
e
n
c
e
b
e
t
w
e
e
n
H
a
m
i
l
t
o
n
H
a
r
b
o
u
r
f
i
s
h
a
n
d
t
h
o
s
e
f
r
o
m
o
t
h
e
r
p
a
r
t
s
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
.
I
n
f
a
c
t
,
f
i
s
h
f
r
o
m
T
o
r
o
n
t
o
H
a
r
b
o
u
r
a
n
d
o
t
h
e
r
L
a
k
e
O
n
t
a
r
i
o
l
o
c
a
t
i
o
n
s
w
e
r
e
m
o
r
e
c
o
n
t
a
m
i
n
a
t
e
d
.
T
h
i
s
s
i
t
u
a
t
i
o
n
w
a
s
t
r
u
e
e
v
e
n
f
o
r
b
e
n
t
h
i
c
f
e
e
d
i
n
g
s
p
e
c
i
e
s
,
w
h
i
c
h
g
e
n
e
r
a
l
l
y
a
c
c
u
m
u
l
a
t
e
m
o
r
e
l
e
a
d
t
h
a
n
p
e
l
a
g
i
c
feeders.
T
i
s
s
u
e
l
e
v
e
l
s
o
f
P
C
B
s
a
n
d
o
t
h
e
r
o
r
g
a
n
o
c
h
l
o
r
i
n
e
s
i
n
w
h
i
t
e
s
u
c
k
e
r
s
f
r
o
m
H
a
m
i
l
t
o
n
H
a
r
b
o
u
r
w
e
r
e
s
i
m
i
l
a
r
t
o
l
e
v
e
l
s
i
n
s
u
c
k
e
r
s
f
r
o
m
s
e
v
e
r
a
l
s
i
t
e
s
a
l
o
n
g
t
h
e
n
o
r
t
h
s
h
o
r
e
o
f
L
a
k
e
O
n
t
a
r
i
o
(
T
a
b
l
e
8
)
.
T
h
e
s
e
d
a
t
a
s
u
g
g
e
s
t
t
h
a
t
c
o
n
t
a
m
i
n
a
n
t
s
i
n
H
a
m
i
l
t
o
n
H
a
r
b
o
u
r
f
i
s
h
,
p
a
r
t
i
c
u
l
a
r
l
y
n
o
n
-
r
e
s
i
d
e
n
t
s
p
e
c
i
e
s
,
a
r
e
s
t
r
o
n
g
l
y
i
n
f
l
u
e
n
c
e
d
b
y
L
a
k
e
O
n
t
a
r
i
o
.
T
i
s
s
u
e
b
u
r
d
e
n
s
i
n
n
o
n
—
m
i
g
r
a
t
o
r
y
h
a
r
b
o
u
r
p
r
e
d
a
t
o
r
s
,
s
u
c
h
a
s
p
i
k
e
a
n
d
b
a
s
s
,
a
r
e
a
l
s
o
a
f
f
e
c
t
e
d
b
y
L
a
k
e
O
n
t
a
r
i
o
c
o
n
t
a
m
i
n
a
n
t
s
.
Fish Tumours
 
W
h
i
t
e
s
u
c
k
e
r
s
f
r
o
m
H
a
m
i
l
t
o
n
H
a
r
b
o
u
r
w
e
r
e
a
f
f
e
c
t
e
d
w
i
t
h
l
i
v
e
r
(
c
h
o
l
a
n
g
i
o
l
a
r
a
n
d
h
e
p
a
t
o
c
e
l
l
u
l
a
r
)
l
e
s
i
o
n
s
,
i
n
c
l
u
d
i
n
g
h
y
p
e
r
p
l
a
s
i
a
a
n
d
s
e
v
e
r
a
l
d
i
f
f
e
r
e
n
t
t
y
p
e
s
o
f
c
a
r
c
i
n
o
m
a
s
.
T
h
e
p
r
e
v
a
l
e
n
c
e
o
f
t
o
t
a
l
l
i
v
e
r
n
e
o
p
l
a
s
m
s
w
a
s
h
i
g
h
e
s
t
i
n
S
i
x
t
e
e
n
M
i
l
e
C
r
e
e
k
(
1
0
.
1
%
)
a
n
d
l
o
w
e
s
t
i
n
F
o
r
t
y
M
i
l
e
C
r
e
e
k
(
0
.
7
%
)
(
T
a
b
l
e
9
)
.
S
u
r
p
r
i
s
i
n
g
l
y
,
w
h
i
t
e
s
u
c
k
e
r
s
f
r
o
m
t
h
e
c
o
n
t
r
o
l
s
i
t
e
o
n
M
a
n
i
t
o
u
l
i
n
I
s
l
a
n
d
h
a
d
a
3
.
5
p
e
r
c
e
n
t
p
r
e
v
a
l
e
n
c
e
o
f
c
h
o
l
a
n
g
i
o
l
a
r
c
a
r
c
i
n
o
m
a
s
.
A
n
a
d
d
i
t
i
o
n
a
l
s
u
r
v
e
y
c
o
n
d
u
c
t
e
d
i
n
1
9
8
7
(
C
a
i
r
n
s
a
n
d
F
i
t
z
s
i
m
o
n
s
,
1
9
8
8
)
o
b
s
e
r
v
e
d
c
h
o
l
a
n
g
i
o
l
a
r
c
a
r
c
i
n
o
m
a
s
i
n
w
h
i
t
e
s
u
c
k
e
r
s
f
r
o
m
e
i
g
h
t
s
i
t
e
s
t
e
s
t
e
d
o
n
L
a
k
e
O
n
t
a
r
i
o
(
t
h
e
p
r
e
v
a
l
e
n
c
e
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 TABLE 8
O
R
G
A
N
O
C
H
L
O
R
I
N
E
C
O
N
C
E
N
T
R
A
T
I
O
N
S
(mg/kg)
IN
W
H
O
L
E
W
H
I
T
E
S
U
C
K
F
R
O
M
S
E
V
E
R
A
L
S
I
T
E
S
O
N
L
A
K
E
O
N
T
A
R
I
O
,
1983
E
R
S
 
H
A
M
I
L
T
O
N
B
R
O
N
T
E
H
U
M
B
E
R
G
A
N
A
R
A
S
K
A
B
R
O
C
K
V
I
L
L
E
NO.
or
FISH
18
5
9
5
5
PCB
1.52
1.92
3.39
1.24
1.88
$0.42
$1.45
$1.22
$0.76
+1.77
213131
0.34
0.79
0.53
0.29
0.03"
$0.12
$1.26
$0.29
$0.16
+0.03
HCB
0.01
0.01
0.01
0.09
0.01‘
$0.01
$0.01
$0.01
$0.09
+0.00
MIREX
0.06
0.05
0.04
0.06
0.09“
$0.05
$0.01
$0.03
$0.04
$0.07
DIELDRIN
0.02
0.02
0.03
0.02
<0.01
$0.02 $0.02 $0.02 $0.00
aCHLORDANE 0.004 ND ND ND ND
$0.002
ND — Not detectable
Note: Fish from Hamilton, Bronte, Ganaraska and Brockville were 5—7 year old
males. Humber River fish were 5—7 year old females.
Source: V.W. Cairns, Department of Fisheries and Oceans.
ranged from 0.7 percent at Forty Mile Creek to 9.2% in the Ganaraska/Coburg Rivers).
The occurrence of cholangiolar lesions at all sites suggests a background prevalence of
cholangiolar anomalies in white suckers from the Great Lakes. Hepatocellular tumours
were found only in white suckers from Hamilton Harbour, Sixten Mile Creek and the
Humber River. Analysis of Hamilton Harbour sediments revealed the presence of
mammalian carcinogens (PAHs). A tumour induction experiment was conducted in which
Hamilton Harbour sediment extracts were injected into the yolk sacs of developing
, rainbow trout fry. Twelve percent of the fry developed tumours within 14 months,
following a single exposure (Metcalfe et a1. 1988). Although chemical exposure to
carcinogens in the harbour is complicated by availability, fish movement, routes and
susceptibility of the host, the induction trial combined with the chemical analysis suggests
a potential for carcinogenesis.
Other tumours on other fish have also been observed. Table 10 summarizes the type
and prevalence of lesions for white sucker, brown bullhead, goldfish, carp and wh1te perch.
 
Birds
The
earl
iest
stud
ies
of c
ont
ami
nan
ts i
n bi
rds
fro
m H
ami
lto
n Ha
rbo
ur d
ate
fro
m 19
70
when Gilbertson (1972) reported HCB, dieldrin, BBB and PCBs in Common Tern (_S_t_.er_n§_
hirundo) eggs from the Hydro Islands. This was the first reported instance 0f HCB “1 awan
tissue. In 1971, Gilbertson (1974) conducted further investigations, which ShOWEd that the
terns which nested on the Hydro Islands returned in the spring relatively free of
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 TABLE 9
T
H
E
O
C
C
U
R
R
E
N
C
E
O
F
L
I
V
E
R
T
U
M
O
U
R
S
I
N
W
H
I
T
E
S
U
C
K
E
R
S
F
R
O
M
L
A
K
E
O
N
T
A
R
I
O
A
N
D
M
C
L
E
L
L
A
N
C
R
E
E
K
O
N
M
A
N
I
T
O
U
L
I
N
I
S
L
A
N
D
S
I
T
E
P
R
E
V
A
L
E
N
C
E
(°/o)
(
S
A
M
P
L
E
S
I
Z
E
)
C
H
O
L
A
N
G
I
O
L
A
R
H
E
P
A
T
O
C
E
L
L
U
L
A
R
F
O
R
T
Y
M
I
L
E
C
R
E
E
K
(
1
3
4
)
0
.
7
c
a
r
c
i
n
o
m
a
0
c
a
r
c
i
n
o
m
a
H
A
M
I
L
T
O
N
H
A
R
B
O
U
R
(
1
1
3
)
1
.
7
c
a
r
c
i
n
o
m
a
0
.
9
c
a
r
c
i
n
o
m
a
1
m
e
l
a
n
o
h
i
s
t
i
o
c
y
t
o
m
a
0
.
9
a
d
e
n
o
m
a
S
I
X
T
E
E
N
M
I
L
E
C
R
E
E
K
(
6
1
2
)
a
7
.
0
c
a
r
c
i
n
o
m
a
1
.
5
c
a
r
c
i
n
o
m
a
1.6 adenoma
M
C
C
L
E
L
L
A
N
C
R
E
E
K
(
2
2
8
)
3
.
5
c
a
r
c
i
n
o
m
a
0
c
a
r
c
i
n
o
m
a
a
O
n
l
y
5
5
4
o
f
t
h
e
6
2
9
f
i
s
h
w
e
r
e
e
x
a
m
i
n
e
d
h
i
s
t
o
l
o
g
i
c
a
l
l
y
.
T
h
e
r
e
m
a
i
n
i
n
g
7
5
f
i
s
h
h
a
d
n
o
a
p
p
a
r
e
n
t
a
n
o
m
a
l
i
e
s
.
A
l
l
f
i
s
h
w
e
r
e
c
o
l
l
e
c
t
e
d
d
u
r
i
n
g
t
h
e
s
p
r
i
n
g
s
p
a
w
n
i
n
g
r
i
m
s
o
f
1
9
8
4
a
n
d
1985.
e
a
r
l
i
e
r
s
a
m
p
l
i
n
g
p
e
r
i
o
d
.
I
n
1
9
8
1
,
D
D
E
,
P
C
B
s
a
n
d
m
i
r
e
x
l
e
v
e
l
s
w
e
r
e
1
1
,
7
9
a
n
d
1
.
9
p
p
m
(
w
e
t
w
e
i
g
h
t
)
,
r
e
s
p
e
c
t
i
v
e
l
y
.
I
n
1
9
8
6
-
8
7
,
t
h
o
s
e
s
a
m
e
c
o
n
t
a
m
i
n
a
n
t
s
w
e
r
e
4
.
0
,
2
5
a
n
d
0
.
7
l
p
p
m
,
r
e
s
p
e
c
t
i
v
e
l
y
(
C
.
W
.
S
.
u
n
p
u
b
l
i
s
h
e
d
)
,
a
r
e
d
u
c
t
i
o
n
o
f
6
3
—
6
8
%
(
C
W
S
u
n
p
u
b
l
i
s
h
e
d
)
.
s
h
o
u
l
d
b
e
n
o
t
e
d
t
h
a
t
l
e
v
e
l
s
i
n
g
u
l
l
s
p
r
o
b
a
b
l
y
r
e
p
r
e
s
e
n
t
t
h
e
i
n
t
e
g
r
e
t
i
o
n
o
f
l
e
v
e
l
s
i
n
f
o
o
d
f
r
o
m
d
i
s
t
a
n
c
e
s
w
i
t
h
i
n
5
—
1
0
m
i
l
e
s
f
r
o
m
t
h
e
c
o
l
o
n
y
s
i
t
e
.
T
h
u
s
,
l
e
v
e
l
s
i
n
H
a
m
i
l
t
o
n
H
a
r
b
o
u
r
g
u
l
l
s
a
r
e
n
o
t
i
n
d
i
c
a
t
i
v
e
o
f
o
n
l
y
H
a
m
i
l
t
o
n
H
a
r
b
o
u
r
.
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 TABLE 10
SU
MM
AR
Y
OF
LE
SI
ON
S
RE
PO
RT
ED
IN
HA
MI
LT
ON
HA
RB
OU
R
FI
SH
 
S
P
E
C
I
E
S
L
E
S
I
O
N
P
R
E
V
A
L
E
N
C
E
(°
/o
)
S
A
M
P
L
E
SI
ZE
W
H
I
T
E
S
U
C
K
E
R
li
p
li
p
ne
op
la
si
a
39
12
00
s
k
i
n
s
k
i
n
n
e
o
p
l
a
s
i
a
1
2
3
1
2
0
0
hy
pe
rp
la
si
a
0.
6
12
00
pa
pi
ll
om
a/
ca
rc
in
om
a
1.
7
12
00
l
i
ve
r
l
i
ve
r
n
e
o
p
l
a
s
i
a
2
4
.
3
1
1
3
c
a
r
c
i
n
o
m
a
2.
7
1
1
3
a
d
e
n
o
m
a
0.
8
1
1
3
me
la
no
hi
st
io
cy
to
ma
0.
8
11
3
g
r
a
n
u
l
o
m
a
4.
4
1
1
3
g
o
n
a
d
t
e
s
t
i
c
u
l
a
r
l
e
s
i
o
n
s
3
4
.
2
7
1
s
e
m
i
n
o
m
a
1.
4
7
1
h
y
p
e
r
t
r
o
p
h
y
2.
8
7
1
b
l
a
d
d
e
r
f
i
b
r
o
s
a
r
c
o
m
a
1
1
1
3
B
R
O
W
N
B
U
L
L
H
E
A
D
l
i
p
l
i
p
n
e
o
p
l
a
s
i
a
2
5
.
4
4
8
0
s
k
i
n
b
o
d
y
n
e
o
p
l
a
s
i
a
4
7
4
8
0
b
a
r
b
e
l
a
s
y
m
m
e
t
r
y
7
2
4
8
0
u
l
c
e
r
5
4
8
0
l
i
v
e
r
g
r
o
s
s
a
n
o
m
a
l
i
e
s
s
1
0
.
5
3
8
0
c
h
o
l
a
n
g
i
o
l
a
r
c
a
r
c
i
n
o
m
a
1
.
6
1
2
4
GOLDFISH
s
k
i
n
u
l
c
e
r
5
0
—
8
0
N
/
A
k
i
d
n
e
y
g
r
a
n
u
l
o
m
a
5
1
2
9
p
o
l
y
c
y
s
t
i
c
6
.
3
8
0
g
o
n
a
d
n
e
o
p
l
a
s
i
a
3
0
1
3
CARP
g
o
n
a
d
n
e
o
p
l
a
s
i
a
0
.
9
2
2
0
C
A
R
P
X
G
O
L
D
F
I
S
H
g
o
n
a
d
n
e
o
p
l
a
s
i
a
5
2
7
9
h
e
r
m
a
p
h
r
o
d
i
s
m
6
.
3
7
9
WHITE PERCH
k
i
d
n
e
y
g
l
o
m
e
r
u
l
a
r
n
e
p
h
r
i
t
i
s
1
0
0
4
3
1
T
o
t
a
l
s
k
i
n
l
e
s
i
o
n
s
2Total liver lesions
3
T
o
t
a
l
t
e
s
t
i
C
u
l
a
r
l
e
s
i
o
n
s
4
T
o
t
a
l
n
u
m
b
e
r
o
f
r
a
i
s
e
d
p
a
p
i
l
l
o
m
a
s
/
c
a
r
c
i
n
o
m
a
s
.
O
f
t
h
e
3
3
o
1
7
w
e
r
e
a
n
a
l
y
z
e
d
.
T
e
n
o
f
t
h
e
s
e
w
e
r
e
d
i
a
g
n
o
s
e
d
a
s
s
q
u
a
m
o
u
s
c
e
l
l
c
r
e
m
a
i
n
d
e
r
a
s
b
e
n
i
g
n
p
a
p
i
l
l
o
m
a
s
.
b
s
e
r
v
e
d
b
o
d
y
n
e
o
p
l
a
s
m
s
,
a
r
c
i
n
o
m
a
s
a
n
d
t
h
e
5
A
t
o
t
a
l
o
f
3
8
0
l
i
v
e
r
s
w
e
r
e
o
b
s
e
r
v
e
d
.
O
n
e
h
u
n
d
r
e
d
a
n
d
t
w
e
n
t
y
—
f
o
u
r
w
e
r
e
a
n
a
l
y
z
e
d
h
i
s
t
o
l
o
g
i
c
a
l
l
y
.
T
w
o
w
e
r
e
d
i
a
g
n
o
s
e
d
a
s
c
h
0
1
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A
die—off
of
wild
waterfowl
occurred
in
Windermere
Basin
in
March,
1986
(A.McLarty,
MOE,
Pers.
Comm.).
In
a
1986
study
of
flightless,
domestic
ducks
released
into
Windermere
Basin
and
two
other
sites,
those
at
Windermere
accumulated
PCB
residues
almost
50
times
greater
than
ducks
at
the
other
locations.
Lead
levels
were
also
greatly
elevated
in
Windermere
Basin
birds
compared
with
those
from
the
other
sites.
There
are
strong
suggestions
that
lead
was
the
prime
cause
of
the
die—offs
of
both
the
domestic
ducks
and
the
wild
ducks
at
Windermere
(CWS
and
MOE,
unpubl.,
respectively).
THE
CONTAMINATED
SEDIMENT
ISSUE
The
current
loadings
from
industrial
and
municipal
sources
would
appear
to
have
achieved
acceptable
water
quality
concentrations
for
contaminants
in
Hamilton
Harbour.
The
fish
caught
in
Hamilton
Harbour
are
linked
with
fish
consumption
advisories.
To
achieve
an
edible
fishery,
action
will
be
required,
but
the
relative
contribution
of
Hamilton
Harbour
as
compared
with
Lake
Ontario
as
a
whole
to
the
fish
consumption
advisories
is
unknown.
The
relative
contribution
of
present
loadings
of
contaminants
versus
historical
loadings,
which
have
accumulated
in
the
sediments
of
the
harbour
is,
therefore, also difficult to assess.
Some
of
the
fish
tumours
appear
to
be
related
to
chemical
irritation,
possibly
by
PAHs.
PAH
loadings
have
been
dramatically
reduced,
but
PAHs
still
persist
in
the
sediments.
Benthic
invertebrates
have
increased
in
abundance,
diversity
and
extent
since
1964,
but
bioassays
indicate
that
some
of
the
sediments
are
toxic
to
some
organisms
but
not
others.
Toxicity
of
the
sediments
to
some
organisms
is
alleviated
by
aeration
of
the
sediment
extracts.
There
are
no
data
available
describing
contaminant
concentrations
in
benthic
organisms
in
the
profundal
sediments
of
Hamilton
Harbour.
Research
is
needed
to
determine
the
bioaccumulation
of
organic
and
inorganic
contaminants
by
benthic
organisms
throughout
the
harbour.
This
work
is
ongoing
and
will
be
continued
in
1988.
The
Ontario
Ministry
of
the
Environment
is
currently
developing
biologically—based
sediment
quality
guidelines
with
the
assistance
of
the
Canada-Ontario
Agreement
Polluted
Sediment
Committee.
The
new
guidelines
are
to
become
available
during
1988
and
will
replace
the
existing
dredging
guidelines
for
open
water
disposal
of
dredged
material.
The
intent
of
these
new
guidelines
is
the
protection
of
aquatic
life
and
human
health
by
ensuring
no
biological
impact
from
i_nm
contaminants.
The
new
guidelines
will
identify
sediments
where
an
unacceptable
degree
of
sediment
contamination
exists,
thereby
requiring
a
remedial
action
without
the
need
to
demonstrate
site—specific
biological
impacts.
These
guidelines
will
be
used
to
evaluate
all
sediments,
not
just
in
the
context
of
dredging projects.
In
anticipation
of
these
revised
guidelines,
the
following
activities
were
recommended:
0
Completion
of
the
detailed
resolution
of
the
sediment
area
and
vo
l
um
e
potentially
requiring
remedial
action
(based
on
sediment
toxicity,
and
the
mobility
and
bioavailability
of
contaminants
associated
in
sediments)
0
Additional
confirmation
that
biological
effects
are
due
to
contaminants
in
the
sediments
and
not
to
continued
point
source
loadings
or
the
anaerobic
nature
of
the
sediments,
irrespective
of
the
c
o
n
t
a
m
i
n
a
n
t
concentrations
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 Other sediment treatments are:
0
Cover
and Capping with sand, clay, silt, synthetic liners or active cover
material (limestone, greenstone, oyster shells, gypsum, ferric sulfate, alum,
alumina, activated carbon, ion exchange resins)
0
Stabilization by grouting and
sealing with
cement,
quicklime,
silicates, bentonite
o
Sorbents and Gels such as activated charcoal, resins, zeolites, polymers, foams
and fibers
0
Sophisticated dredging by treatment and replacement
A
detailed discussion of each of these treatments is beyond the scope of this report,
but a few comments
would be useful.
Capping would require at least 50 cm
of material to
isolate the contaminated sediments from the effects of benthic invertebrates.
Sealing of
the sediments is probably undesirable at present.
Sorbents and gels have been used for the
cleanup of spills and as pretreatment prior to dredging, but
notfor the decontamination of
sediments.
Dredging of contaminated sediments followed by separation and confinement or
treatment of the most contaminated material and open water disposal of the less contam—
inated sediments is practiced in Europe where space is limited for building confined
disposal facilities. '
Pilot scale demonstration projects are being proposed for some of the Great Lakes'
Areas of Concern since the treatment of contaminated sediments is a common concern.
In
Hamilton Harbour, volume reduction, using hydrocyclone
technology does not appear to be
advantageous since sand represents a small portion of the contaminated sediments.
Dredging of the severe, high and intermediate toxicity zones, identified earlier and
costed in Table 11, would require a CDF
roughly twice the size of the current one in the
harbour.
Even
though
the
contaminated
sediments
are
estimated
to be
only
33
cm
deep,
current
dredging practices are not
that
precise.
The
dredgate volume
is therefore
at least
twice
if not
three
times
the volume
of
the contaminated
sediments.
The
construction of
the
berm
wall of
the
CDF
would
be
difficult because of
the deep
water
north of the
cur-
rent CDF.
A
CDF
could be
constructed beside
the
CCIW
complex
if sufficient volume
were
available.
The
cost
estimate
provided assumes
that
the Harbour
Commission's
CDF
would
accept
the
first
1 million cubic
meters
of dredgate.
This is the
remaining capacity
of the Hamilton
Harbour
Commission's
CDF.
Dredging
of
the
severe
and
high
toxicity
zones,
placing
the
dredged
material
in
the
deep
basin
and
then
capping
with
intermediate
toxicity
sediments
is a
procedure
which
has
not
been
discussed
in detail.
The
concept
has
some
attractive
advantages.
The
severe
and
high
toxicity
zones
would
be
eliminated
and
the
deep
basin
would
have
only
an
inter—
mediate
toxicity,
leaving approximately
75%
of
the
harbour
with
low
toxicity.
The
major
expense
in
most
dredging
projects
is
the
construction
of
a
confined
disposal
facility;
deep
basin
deposition
would
not
require
a
CDF
and,
therefore,
would
be
much
less
expensive.
The
creation
of
another
CDF
in
Hamilton
Harbour
would
eliminate
further
habitat
and
hence
be
undesirable.
Deep
basin
deposition
has
disadvantages.
The
potential
for
the
resuspension
of
sediments
and
the
possible
release
of
contaminants
into
the
water
column
during
deep
basin
placement
would
require
expensive
technologies
to
prevent
such
release.
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 TABLE 11
ES
TI
MA
TE
S
FO
R
DI
RE
CT
TR
EA
TM
EN
T
OF
HA
MI
LT
ON
HA
RB
OU
R
SE
DI
ME
NT
S
OPTION
CO
ST
(3;
Mi
ll
io
ns
)
CO
MM
EN
TS
Dredging
3
%
of
H
a
r
b
o
u
r
3
-
9
T
h
e
m
o
s
t
to
xi
c
s
e
d
i
m
e
n
t
s
1
1
%
"
4
—
5
2
hi
gh
ly
to
xi
c
3
3
%
"
5
0
-
1
5
0
i
n
t
e
r
m
e
d
i
a
t
e
to
xi
ci
ty
C
h
e
m
i
c
a
l
T
r
e
a
t
m
e
n
t
o
f
t
h
e
S
e
d
i
m
e
n
t
s
(o
ne
t
i
m
e
co
st
s/
r
e
p
e
a
t
s
ne
ce
ss
ar
y)
alum
ferric
calcium
nitrate
C
a
p
p
i
n
g
o
f
S
e
d
i
m
e
n
t
Fly Ash
Burial
A
e
r
a
t
i
o
n
o
f
w
a
t
e
r
c
o
l
u
m
n
air
hypo
oxygen
Uncertain effect
ne
ve
r
us
ed
to
re
du
ce
to
xi
ci
ty
bu
t
wi
ll
sl
ow
re
le
as
e
of
me
ta
ls
into water column
A
v
a
i
l
a
b
i
l
i
t
y
o
f
c
l
e
a
n
so
il
a
n
d
c
o
s
t
s
u
n
k
n
o
w
n
O
x
i
d
a
t
i
o
n
o
f
s
e
d
i
m
e
n
t
s
u
n
l
i
k
e
l
y
t
o
t
a
k
e
p
l
a
c
e
b
u
t
w
i
l
l
s
l
o
w
r
e
l
e
a
s
e
o
f
c
o
n
t
a
m
i
n
a
n
t
s
i
n
t
o
w
a
t
e
r
c
o
l
u
m
n
 
 C
H
A
I
R
M
A
N
'
S
S
U
M
M
A
R
Y
—
P
A
R
T
I
I
I
1
.
T
h
e
a
p
p
l
i
c
a
t
i
o
n
o
f
S
u
p
e
r
f
u
n
d
p
r
o
g
r
a
m
s
(
S
u
p
e
r
f
u
n
d
A
m
e
n
d
m
e
n
t
s
a
n
d
R
e
a
u
t
h
o
r
i
z
a
t
i
o
n
A
c
t
-
S
A
R
A
,
w
h
i
c
h
a
m
e
n
d
s
t
h
e
C
o
m
p
r
e
h
e
n
s
i
v
e
E
n
v
i
r
o
n
m
e
n
t
a
l
R
e
s
p
o
n
s
e
,
C
o
m
p
e
n
s
a
—
t
i
o
n
a
n
d
L
i
a
b
i
l
i
t
y
A
c
t
—
C
E
R
C
L
A
)
f
o
r
t
h
e
r
e
m
e
d
i
a
t
i
o
n
o
f
c
o
n
t
a
m
i
n
a
t
e
d
s
e
d
i
m
e
n
t
s
(
U
n
i
t
e
d
S
t
a
t
e
s
p
o
r
t
i
o
n
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
o
n
l
y
)
m
a
y
r
e
p
r
e
s
e
n
t
a
s
u
b
s
t
a
n
t
i
a
l
c
o
m
—
p
o
n
e
n
t
o
f
r
e
s
t
o
r
a
t
i
o
n
i
n
s
o
m
e
A
r
e
a
s
o
f
C
o
n
c
e
r
n
.
H
o
w
e
v
e
r
,
i
t
i
s
u
n
l
i
k
e
l
y
t
o
s
o
l
v
e
a
l
l
o
f
t
h
e
c
o
n
t
a
m
i
n
a
t
e
d
s
e
d
i
m
e
n
t
r
e
l
a
t
e
d
p
r
o
b
l
e
m
s
i
n
t
h
e
s
e
a
r
e
a
s
.
2
.
I
n
f
o
r
m
a
t
i
o
n
a
n
d
e
x
p
e
r
i
e
n
c
e
g
a
i
n
e
d
t
h
r
o
u
g
h
t
h
e
e
v
a
l
u
a
t
i
o
n
o
f
r
e
m
e
d
i
a
l
o
p
t
i
o
n
s
a
n
d
t
h
e
a
p
p
l
i
c
a
t
i
o
n
o
f
a
t
h
e
r
m
a
l
d
e
s
t
r
u
c
t
i
o
n
t
e
c
h
n
o
l
o
g
y
i
n
W
a
u
k
e
g
a
n
H
a
r
b
o
r
,
I
l
l
i
n
o
i
s
,
w
i
l
l
p
r
o
v
e
i
n
v
a
l
u
a
b
l
e
f
o
r
o
t
h
e
r
a
r
e
a
s
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
.
3
.
A
b
u
n
d
a
n
t
d
a
t
a
a
r
e
a
v
a
i
l
a
b
l
e
o
n
t
h
e
b
u
l
k
c
h
e
m
i
s
t
r
y
o
f
t
h
e
s
u
r
f
i
c
i
a
l
s
e
d
i
m
e
n
t
s
o
f
H
a
m
i
l
t
o
n
H
a
r
b
o
u
r
.
I
n
a
d
d
i
t
i
o
n
,
s
o
m
e
d
a
t
a
o
n
t
h
e
d
i
s
t
r
i
b
u
t
i
o
n
o
f
b
e
n
t
h
i
c
m
a
c
r
o
-
p
r
o
p
o
s
e
s
a
n
a
c
t
i
o
n
t
h
r
e
s
h
o
l
d
o
r
o
b
j
e
c
t
i
v
e
.
  
 PART IV
A
N
D
D
E
V
E
L
O
P
M
E
N
T
I
N
T
H
E
G
R
E
A
T
L
A
K
E
S
:
R
E
M
E
D
I
A
T
I
O
N
,
R
E
S
E
A
R
C
H
T
H
E
I
M
M
E
D
I
A
T
E
F
U
T
U
R
E
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 E
N
V
I
R
O
N
M
E
N
T
C
A
N
A
D
A
A
C
T
I
V
I
T
I
E
S
O
N
R
E
S
E
A
R
C
H
A
N
D
D
E
V
E
L
O
P
M
E
N
T
R
E
L
A
T
I
N
G
T
O
C
O
N
T
A
M
I
N
A
T
E
D
S
E
D
I
M
E
N
T
S
I
N
T
H
E
G
R
E
A
T
L
A
K
E
S
by
R
.
S
h
i
m
i
z
u
,
D
i
r
e
c
t
o
r
G
r
e
a
t
L
a
k
e
s
E
n
v
i
r
o
n
m
e
n
t
O
f
f
i
c
e
E
n
v
i
r
o
n
m
e
n
t
C
a
n
a
d
a
A
B
S
T
R
A
C
T
 
T
h
e
r
e
p
o
r
t
o
f
t
h
e
R
e
m
e
d
i
a
l
O
p
t
i
o
n
s
W
o
r
k
G
r
o
u
p
i
d
e
n
t
i
f
i
e
d
a
b
r
o
a
d
r
a
n
g
e
o
f
t
e
c
h
n
o
—
l
o
g
i
c
a
l
t
r
e
a
t
m
e
n
t
m
e
t
h
o
d
s
w
h
i
c
h
w
o
u
l
d
h
a
v
e
a
p
p
l
i
c
a
t
i
o
n
t
o
A
r
e
a
s
o
f
C
o
n
c
e
r
n
.
T
h
e
C
a
n
a
d
i
a
n
P
a
r
t
i
e
s
h
a
v
e
i
n
i
t
i
a
t
e
d
a
c
t
i
o
n
t
o
e
s
t
a
b
l
i
s
h
p
r
i
o
r
i
t
i
e
s
f
o
r
t
h
e
s
e
o
p
t
i
o
n
s
,
a
c
c
o
r
d
i
n
g
t
o
t
h
e
i
r
a
p
p
l
i
c
a
b
i
l
i
t
y
o
n
t
h
e
C
a
n
a
d
i
a
n
p
o
r
t
i
o
n
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
.
I
n
1
9
8
9
,
C
a
n
a
d
a
a
n
d
O
n
t
a
r
i
o
w
i
l
l
i
d
e
n
t
i
f
y
s
u
i
t
a
b
l
e
o
p
t
i
o
n
s
f
o
r
e
a
c
h
a
r
e
a
.
B
e
n
c
h
t
e
s
t
i
n
g
o
f
a
s
e
l
e
c
t
e
d
o
p
t
i
o
n
(
h
y
d
r
o
c
y
c
l
o
n
e
s
)
w
i
l
l
l
i
k
e
l
y
b
e
u
n
d
e
r
t
a
k
e
n
j
o
i
n
t
l
y
w
i
t
h
t
h
e
U
S
.
E
n
v
i
r
o
n
m
e
n
t
a
l
P
r
o
t
e
c
t
i
o
n
A
g
e
n
c
y
(
U
S
E
P
A
)
i
n
l
a
t
e
1
9
8
9
.
D
i
s
c
u
s
s
i
o
n
s
a
r
e
a
l
s
o
p
l
a
n
n
e
d
w
i
t
h
o
u
r
E
n
v
i
r
o
n
m
e
n
t
C
a
n
a
d
a
c
o
u
n
t
e
r
p
a
r
t
s
i
n
Q
u
e
b
e
c
t
o
a
r
r
a
n
g
e
f
o
r
j
o
i
n
t
r
e
s
e
a
r
c
h
a
n
d
d
e
v
e
l
o
p
m
e
n
t
a
c
t
i
v
i
t
i
e
s
r
e
l
a
t
i
n
g
t
o
t
h
e
c
l
e
a
n
—
u
p
o
f
t
h
e
S
t
.
L
a
w
r
e
n
c
e
R
i
v
e
r
.
O
t
h
e
r
p
r
o
g
r
a
m
s
l
i
k
e
l
y
t
o
r
e
c
e
i
v
e
s
u
p
p
o
r
t
i
n
v
o
l
v
e
:
s
o
l
i
d
i
f
i
c
a
t
i
o
n
,
e
x
t
r
a
c
—
t
i
o
n
,
b
i
o
l
o
g
i
c
a
l
t
r
e
a
t
m
e
n
t
a
n
d
i
m
p
r
o
v
e
m
e
n
t
s
t
o
m
e
c
h
a
n
i
c
a
l
r
e
m
o
v
a
l
.
I
t
i
s
r
e
c
o
g
n
i
z
e
d
t
h
a
t
c
o
n
s
i
d
e
r
a
b
l
e
f
u
n
d
s
a
r
e
n
e
c
e
s
s
a
r
y
f
o
r
t
h
e
i
n
i
t
i
a
l
d
e
v
e
l
o
p
m
e
n
t
o
f
t
h
e
s
e
u
n
i
q
u
e
t
e
c
h
n
o
l
o
g
i
e
s
,
e
v
e
n
t
h
o
u
g
h
t
h
e
s
e
t
e
c
h
n
o
l
o
g
i
e
s
h
a
v
e
b
e
e
n
u
s
e
d
i
n
t
e
r
n
a
t
i
o
n
a
l
l
y
,
o
r
b
e
e
n
u
s
e
d
f
o
r
m
a
t
e
r
i
a
l
s
o
t
h
e
r
t
h
a
n
s
e
d
i
m
e
n
t
.
C
a
n
a
d
a
a
n
d
O
n
t
a
r
i
o
w
i
l
l
p
r
o
m
o
t
e
c
o
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c
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c
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b
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c
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p
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c
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c
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c
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b
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c
h
a
n
d
d
e
v
e
l
o
p
m
e
n
t
l
a
b
o
r
a
t
o
r
i
e
s
a
n
d
a
p
p
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c
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i
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w
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.
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b
e
e
n
a
n
d
c
o
n
t
i
n
u
e
t
o
b
e
e
x
p
e
n
d
e
d
i
n
h
o
w
w
e
d
e
f
i
n
e
t
h
e
p
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C
h
a
r
a
c
t
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r
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z
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t
h
e
e
n
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t
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n
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c
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b
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r
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a
m
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l
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n
g
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e
c
h
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c
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p
l
i
e
d
.
W
h
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a
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n
g
t
h
e
i
m
m
e
d
i
a
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e
f
u
t
u
r
e
r
e
s
e
a
r
c
h
a
n
d
d
e
v
e
l
o
p
m
e
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t
p
o
s
s
i
b
i
l
i
t
i
e
s
o
n
t
h
e
G
r
e
a
t
L
a
k
e
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,
i
t
i
s
w
o
r
t
h
w
h
i
l
e
t
o
c
o
n
s
i
d
e
r
h
o
w
w
e
g
o
t
t
o
w
h
e
r
e
w
e
a
r
e
n
o
w
.
T
h
e
G
r
e
a
t
L
a
k
e
s
W
a
t
e
r
Q
u
a
l
i
t
y
A
g
r
e
e
m
e
n
t
,
o
r
i
g
i
n
a
l
l
y
s
i
g
n
e
d
b
y
C
a
n
a
d
a
a
n
d
t
h
e
l
e
t
e
d
S
t
a
t
e
s
i
n
1
9
7
2
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o
m
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i
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d
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e
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v
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r
n
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c
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c
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c
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c
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i
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c
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i
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c
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i
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b
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c
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c
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c
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b
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c
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c
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c
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i
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.
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r
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u
r
r
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r
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b
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c
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h
e
c
o
u
r
s
e
o
f
t
h
i
s
S
y
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s
i
u
m
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w
i
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h
e
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o
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e
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r
e
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o
s
e
d
o
n
t
h
e
  
  
handling
and
disposition
of
dredged
sediments
have
substantially
affected
the
dredging
industry on the Great Lakes.
There
have
been
dredging
activities
undertaken
to
restore
localized
degraded
areas,
particularly
areas
affected
by
spills
or
leaks
from
industrial
operations.
However,
these
activities
have
been
limited
both
in number
and
scope.
It
is also
worthwhile
noting
that
the
1972
Agreement
required
the
development
of
compatible
criteria
for
the
identification
of
polluted
sediment.
This
requirement
has
not
been
realized
and
the
shortcoming
is probably
more
a function
of
the
existing
state of
knowledge
on
sediment
contaminants
and
environmental
effects
than
of
a
lack
of
effort
or
good
intentions by
the
governments.
However,
the
resource
allotment
and
the
level
of
effort
by jurisdictions
in
terms
of
sediment
standards,
criteria
and
guidelines
development}
is still relatively small,
particularly
when
compared
with
similar
efforts
in
the
water
quality
field.
Ensuring
compatibility
of
criteria
is also
a
formidable
task
and
the
variation
among jurisdictional
water
quality criteria, even
within the
Great
Lakes
basin,
is well
known.
 
The
renegotiation
of
the
1972
Great
Lakes
Water
Quality
Agreement
in
1978
and
again
in
1987
continued
the
historical
commitment
to pollution
abatement
initiatives.
However,
there
has
been
increasing
interest
in restorative
measures,
particularly as
they
might
be
applied
to
the
more
degraded
locations on
the
Great
Lakes
or
to
the
Areas
of
\
Concern.
As
well, Great
Lakes
fisheries management
agencies
are attempting
to
l
rejuvenate
fish stocks
and
maintain
existing or
restore
degraded
fish habitats.
’
RE§EARQH AND DEVELOPMENT
Within
Environment
Canada,
research
and
development
of
remedial
approaches
to
degraded
sediments
in the
Great
Lakes
are
led
by
staff
of
the
National
Water
Research
Institute
(NWRI),
located
at
the
Canada
Centre
for
Inland
Waters.
A
major
part
of
this
effort
has
been,
and
will
continue
to
be,
directed
towards
the
broader
research
field
of
environmental
pathways,
fate
and
effects
of
contaminants,
research
which
forms
the
underpining
for
how
we
define
an
environmental
problem
and
determine
intervention
and
restoration requirements.
The
scientific
and
technical
expertise
based
at
NWRI
is
being
employed
in
both
the
development
and
assessment
of
sediment
treatment
technologies
and
techniques.
The
application
of
such
techniques
would
occur
in
cooperation
with
the
regulatory
and
environmental
management
components
of
Environment
Canada
and
the
Province
of
Ontario.
At
the
demonstration
level,
one
research
and
development
technique
is
currently
being
field
tested
in
Hamilton
Harbour.
It
involves
the
injection
of
oxygen
to
ensure
precipitation
and
binding
of
sediment
bound
metals.
This
technique
might
also
be
applied
to
prevent
phosphorus
release
from
sediments
and
thereby
control
algal
growth.
Studies
are
expected
to
c
o
m
m
e
n
c
e
soon
to
determine
the
potential
application
in
the
Great
Lakes
of
hydrocyclones
to
separate
contaminated
sediment
from
cleaner
material,
thereby
reducing
treatment
and
disposal
requirements.
This
technology
has
been
widely
used
in
Europe
and
achieved
a
fair
degree
of
success.
It
is
considered
that
only
minor
modifications
m
a
y
be
required
to
adapt
the
equipment
to
Great
Lakes
situations.
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c
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i
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i
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.
B
o
t
h
t
h
i
s
r
e
p
o
r
t
,
w
h
i
c
h
i
s
e
n
t
i
t
l
e
d
"
O
p
t
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o
n
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o
r
t
h
e
R
e
m
e
d
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f
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n
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c
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b
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c
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c
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c
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c
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c
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c
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c
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c
a
l
r
e
m
o
v
a
l
.
I
n
m
a
n
y
r
e
s
p
e
c
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b
e
d
e
v
o
t
e
d
t
o
r
e
s
e
a
r
c
h
a
n
d
d
e
v
e
l
o
p
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b
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c
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b
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I
t
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t
c
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c
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c
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c
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b
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p
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c
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b
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b
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c
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p
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p
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n
o
f
w
h
a
t
a
l
l
o
c
a
t
i
o
n
i
s
p
r
o
v
i
d
e
d
t
o
s
e
d
i
m
e
n
t
r
e
l
a
t
e
d
p
r
o
b
l
e
m
s
,
a
c
u
r
s
o
r
y
r
e
v
i
e
w
o
f
i
n
d
i
v
i
d
u
a
l
p
r
o
j
e
c
t
s
u
m
m
a
r
i
e
s
s
u
g
g
e
s
t
s
t
h
a
t
a
s
u
b
s
t
a
n
t
i
a
l
p
o
r
t
i
o
n
h
a
s
a
d
i
r
e
c
t
o
r
i
n
d
i
r
e
c
t
s
e
d
i
m
e
n
t
i
n
t
e
r
e
s
t
.
F
u
r
t
h
e
r
a
l
l
o
c
a
t
i
o
n
s
o
r
r
e
a
l
l
o
c
a
t
i
o
n
s
w
i
l
l
b
e
d
e
t
e
r
m
i
n
e
d
b
y
t
h
e
n
e
e
d
s
d
e
f
i
n
e
d
t
h
r
o
u
g
h
t
h
e
r
e
m
e
d
i
a
l
p
l
a
n
n
i
n
g
p
r
o
c
e
s
s
a
t
A
r
e
a
s
o
f
C
o
n
c
e
r
n
.
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P
R
O
G
R
A
M
T
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A
D
D
R
E
S
S
C
O
N
T
A
M
I
N
A
T
E
D
S
E
D
I
M
E
N
T
P
R
O
B
L
E
M
S
I
N
T
H
E
G
R
E
A
T
L
A
K
E
S
by
C
.
F
i
n
c
h
,
D
i
r
e
c
t
o
r
G
r
e
a
t
L
a
k
e
s
N
a
t
i
o
n
a
l
P
r
o
g
r
a
m
O
f
f
i
c
e
U
S
E
n
v
i
r
o
n
m
e
n
t
a
l
P
r
o
t
e
c
t
i
o
n
A
g
e
n
c
y
A
B
S
T
R
A
C
T
 
U
n
t
i
l
r
e
c
e
n
t
l
y
,
c
o
n
c
e
r
n
o
v
e
r
s
e
d
i
m
e
n
t
c
o
n
t
a
m
i
n
a
t
i
o
n
w
a
s
l
i
m
i
t
e
d
t
o
q
u
e
s
t
i
o
n
s
o
f
d
r
e
d
g
i
n
g
a
n
d
d
r
e
d
g
e
d
m
a
t
e
r
i
a
l
d
i
s
p
o
s
a
l
.
L
a
t
e
l
y
,
t
h
e
r
e
i
s
a
f
o
c
u
s
o
n
i
_
n
m
s
e
d
i
m
e
n
t
c
o
n
t
a
m
i
n
a
t
i
o
n
,
w
h
e
r
e
e
n
v
i
r
o
n
m
e
n
t
a
l
r
i
s
k
s
m
a
y
b
e
p
r
e
s
e
n
t
e
v
e
n
w
h
e
n
s
e
d
i
m
e
n
t
s
a
r
e
n
o
t
d
i
s
t
u
r
b
e
d
o
r
r
e
m
o
v
e
d
.
T
h
e
U
C
h
a
s
i
d
e
n
t
i
f
i
e
d
4
2
A
r
e
a
s
o
f
C
o
n
c
e
r
n
(
A
O
C
s
)
,
w
h
e
r
e
p
o
l
l
u
t
i
o
n
i
m
p
a
c
t
s
a
r
e
e
v
i
d
e
n
t
,
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
b
a
s
i
n
.
I
n
n
e
a
r
l
y
a
l
l
o
f
t
h
e
s
e
A
O
C
s
,
c
o
n
t
a
m
i
n
a
t
e
d
s
e
d
i
m
e
n
t
s
a
r
e
a
m
a
j
o
r
p
r
o
b
l
e
m
.
t
o
i
d
e
n
t
i
f
y
p
r
o
b
l
e
m
s
,
s
t
a
n
d
a
r
d
i
z
e
m
e
t
h
o
d
s
,
s
h
a
r
e
i
n
f
o
r
m
a
t
i
o
n
a
n
d
d
e
v
e
l
o
p
a
c
o
h
e
r
e
n
t
s
t
r
a
t
e
g
y
f
o
r
t
h
e
c
o
n
t
r
o
l
a
n
d
r
e
m
o
v
a
l
o
f
s
e
d
i
m
e
n
t
c
o
n
t
a
m
i
n
a
t
i
o
n
.
I
t
i
s
c
l
e
a
r
t
h
a
t
w
e
n
e
e
d
t
o
i
m
p
r
o
v
e
o
u
r
a
b
i
l
i
t
y
t
o
p
r
e
d
i
c
t
t
h
e
i
m
p
a
c
t
s
o
f
v
a
r
i
o
u
s
c
l
e
a
n
-
u
p
o
p
t
i
o
n
s
(
i
n
c
l
u
d
i
n
g
t
h
e
"
n
o
-
a
c
t
i
o
n
"
a
l
t
e
r
n
a
t
i
v
e
)
,
t
h
e
e
f
f
e
c
t
i
v
e
n
e
s
s
a
n
d
c
o
s
t
o
f
a
v
a
i
l
a
b
l
e
r
e
m
e
d
i
a
l
t
e
c
h
n
o
l
o
g
i
e
s
,
a
n
d
t
h
e
t
i
m
e
—
c
o
u
r
s
e
o
f
p
o
s
t
—
r
e
m
e
d
i
a
l
r
e
c
o
v
e
r
y
.
T
h
e
s
e
d
i
m
e
n
t
c
l
e
a
n
—
u
p
s
w
i
l
l
b
e
v
e
r
y
c
o
s
t
l
y
,
a
n
d
p
r
i
o
r
i
t
y
d
e
c
i
s
i
o
n
s
,
s
u
c
h
a
s
f
u
l
l
o
r
p
a
r
t
i
a
l
/
p
h
a
s
e
d
a
c
t
i
o
n
s
a
n
d
c
o
s
t
—
e
f
f
e
c
t
i
v
e
n
e
s
s
t
r
a
d
e
-
o
f
f
s
,
w
i
l
l
h
a
v
e
t
o
b
e
m
a
d
e
.
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 I
N
T
R
O
D
U
C
T
I
O
N
_
_
_
_
_
_
_
_
_
—
—
—
—
-
—
-
I
n
t
h
e
t
i
m
e
a
l
l
o
t
e
d
m
e
t
o
d
a
y
,
I
w
o
u
l
d
l
i
k
e
t
o
g
i
v
e
y
o
u
a
b
r
i
e
f
o
v
e
r
v
i
e
w
o
f
c
o
n
t
a
m
-
i
n
a
t
e
d
s
e
d
i
m
e
n
t
i
s
s
u
e
s
a
f
f
e
c
t
i
n
g
t
h
e
G
r
e
a
t
L
a
k
e
s
a
n
d
h
o
w
t
h
e
U
S
.
E
P
A
i
s
d
e
a
l
i
n
g
w
i
t
h
t
h
e
m
.
I
w
i
l
l
o
u
t
l
i
n
e
s
o
m
e
r
e
c
e
n
t
l
e
g
i
s
l
a
t
i
v
e
d
e
v
e
l
o
p
m
e
n
t
s
a
n
d
d
e
s
c
r
i
b
e
h
o
w
t
h
e
y
a
f
f
e
c
t
o
u
r
c
u
r
r
e
n
t
s
t
r
a
t
e
g
i
e
s
.
F
i
n
a
l
l
y
,
I
w
i
l
l
d
i
s
c
u
s
s
a
c
a
s
e
t
h
a
t
i
l
l
u
s
t
r
a
t
e
s
s
o
m
e
o
f
t
h
e
s
e
p
o
i
n
t
s
.
F
o
r
m
a
n
y
y
e
a
r
s
,
m
o
s
t
o
f
t
h
e
c
o
n
c
e
r
n
s
a
b
o
u
t
s
e
d
i
m
e
n
t
c
o
n
t
a
m
i
n
a
t
i
o
n
h
a
d
t
o
d
o
w
i
t
h
n
a
v
i
g
a
t
i
o
n
a
l
d
r
e
d
g
i
n
g
.
T
h
e
r
e
m
o
v
a
l
o
f
s
e
d
i
m
e
n
t
s
,
a
n
d
t
h
e
m
e
t
h
o
d
s
a
n
d
s
i
t
e
s
f
o
r
t
h
e
i
r
d
i
s
p
o
s
a
l
,
w
e
r
e
t
h
e
s
u
b
j
e
c
t
s
o
f
i
n
t
e
n
s
i
v
e
r
e
s
e
a
r
c
h
,
r
e
s
u
l
t
i
n
g
i
n
a
n
a
r
r
a
y
o
f
g
u
i
d
e
l
i
n
e
s
a
n
d
r
e
g
u
l
a
t
i
o
n
s
.
O
n
t
h
e
o
t
h
e
r
h
a
n
d
,
s
e
d
i
m
e
n
t
s
t
h
a
t
w
e
r
e
n
o
t
g
o
i
n
g
t
o
b
e
d
r
e
d
g
e
d
,
r
e
l
o
c
a
t
e
d
o
r
o
t
h
e
r
w
i
s
e
d
i
s
t
u
r
b
e
d
w
e
r
e
n
o
t
g
e
n
e
r
a
l
l
y
t
h
o
u
g
h
t
t
o
b
e
h
a
z
a
r
d
o
u
s
.
R
e
c
e
n
t
r
e
s
e
a
r
c
h
h
a
s
s
h
o
w
n
,
h
o
w
e
v
e
r
,
t
h
a
t
p
o
l
l
u
t
a
n
t
s
i
n
u
n
d
i
s
t
u
r
b
e
d
s
e
d
i
m
e
n
t
s
c
a
n
b
e
a
s
o
u
r
c
e
o
f
c
o
n
t
a
m
i
n
—
a
t
i
o
n
t
o
t
h
e
a
q
u
a
t
i
c
f
o
o
d
c
h
a
i
n
a
n
d
,
p
o
t
e
n
t
i
a
l
l
y
,
a
h
u
m
a
n
h
e
a
l
t
h
r
i
s
k
.
T
h
i
s
f
i
n
d
i
n
g
m
o
v
e
s
u
s
i
n
t
o
a
n
e
w
s
e
t
o
f
r
e
s
e
a
r
c
h
a
n
d
r
e
g
u
l
a
t
i
o
n
q
u
e
s
t
i
o
n
s
:
w
h
a
t
t
o
d
o
a
b
o
u
t
i
n
s
i
t
u
s
e
d
i
m
e
n
t
c
o
n
t
a
m
i
n
a
t
i
o
n
.
A
s
y
o
u
h
a
v
e
h
e
a
r
d
f
r
o
m
p
r
e
v
i
o
u
s
s
p
e
a
k
e
r
s
,
t
h
e
I
n
t
e
r
n
a
t
i
o
n
a
l
J
o
i
n
t
C
o
m
m
i
s
s
i
o
n
h
a
s
i
d
e
n
t
i
f
i
e
d
4
2
A
r
e
a
s
o
f
C
o
n
c
e
r
n
,
o
r
A
O
C
s
f
o
r
s
h
o
r
t
,
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
b
a
s
i
n
.
T
h
e
s
e
a
r
e
h
a
r
b
o
r
s
,
r
i
v
e
r
m
o
u
t
h
s
a
n
d
c
o
n
n
e
c
t
i
n
g
c
h
a
n
n
e
l
s
w
h
e
r
e
p
o
l
l
u
t
i
o
n
p
r
o
b
l
e
m
s
h
a
v
e
l
e
d
t
o
s
e
r
i
o
u
s
e
n
v
i
r
o
n
m
e
n
t
a
l
d
e
g
r
a
d
a
t
i
o
n
(
s
e
e
F
i
g
u
r
e
I
)
.
I
n
n
e
a
r
l
y
a
l
l
o
f
t
h
e
s
e
a
r
e
a
s
,
c
o
n
t
a
m
i
n
a
t
e
d
s
e
d
i
m
e
n
t
s
a
r
e
a
m
a
j
o
r
p
a
r
t
o
f
t
h
e
p
r
o
b
l
e
m
.
S
o
m
e
A
O
C
s
i
n
t
h
e
U
S
.
c
o
m
e
u
n
d
e
r
t
h
e
a
u
t
h
o
r
i
t
y
o
f
o
u
r
S
u
p
e
r
f
u
n
d
l
e
g
i
s
l
a
t
i
o
n
.
P
o
t
e
n
t
i
a
l
S
u
p
e
r
f
u
n
d
s
i
t
e
s
a
r
e
s
c
o
r
e
d
o
n
3
H
a
z
a
r
d
R
a
n
k
i
n
g
S
y
s
t
e
m
,
a
n
d
t
h
o
s
e
t
h
a
t
q
u
a
l
i
f
y
b
e
c
o
m
e
h
i
g
h
-
p
r
i
o
r
i
t
y
s
i
t
e
s
f
o
r
e
n
f
o
r
c
e
d
c
l
e
a
n
—
u
p
.
W
a
u
k
e
g
a
n
H
a
r
b
o
r
,
I
l
l
i
n
o
i
s
;
S
h
e
b
o
y
g
a
n
H
a
r
b
o
r
,
W
i
s
c
o
n
s
i
n
a
n
d
t
h
e
A
s
h
t
a
b
u
l
a
'
R
i
v
e
r
,
O
h
i
o
a
r
e
t
h
r
e
e
A
O
C
s
t
h
a
t
h
a
v
e
b
e
e
n
c
l
a
s
s
i
f
i
e
d
a
s
S
u
p
e
r
f
u
n
d
s
i
t
e
s
u
n
d
e
r
t
h
e
c
u
r
r
e
n
t
r
a
n
k
i
n
g
s
y
s
t
e
m
.
T
h
e
r
e
a
r
e
p
r
o
p
o
s
e
d
c
h
a
n
g
e
s
t
o
t
h
i
s
h
a
z
a
r
d
r
a
n
k
i
n
g
s
y
s
t
e
m
t
h
a
t
w
o
u
l
d
i
n
c
l
u
d
e
h
u
m
a
n
h
e
a
l
t
h
r
i
s
k
s
f
r
o
m
e
x
p
o
s
u
r
e
t
h
r
o
u
g
h
t
h
e
f
o
o
d
c
h
a
i
n
.
I
f
t
h
e
s
e
c
h
a
n
g
e
s
w
e
r
e
a
p
p
r
o
v
e
d
,
t
h
e
n
m
o
r
e
A
O
C
s
c
o
u
l
d
c
o
n
c
e
i
v
a
b
l
y
b
e
c
o
m
e
S
u
p
e
r
f
u
n
d
s
i
t
e
s
w
h
e
n
t
h
e
y
w
e
r
e
r
a
n
k
e
d
u
n
d
e
r
t
h
e
n
e
w
s
y
s
t
e
m
.
C
l
e
a
n
-
u
p
o
f
t
h
e
s
e
n
o
n
—
S
u
p
e
r
f
u
n
d
A
O
C
s
i
s
,
h
o
w
e
v
e
r
,
s
t
i
l
l
a
c
o
n
c
e
r
n
f
o
r
E
P
A
.
T
h
e
1
9
8
7
r
e
v
i
s
i
o
n
s
t
o
t
h
e
G
r
e
a
t
L
a
k
e
s
W
a
t
e
r
Q
u
a
l
i
t
y
A
g
r
e
e
m
e
n
t
i
n
c
l
u
d
e
a
c
o
m
p
l
e
t
e
l
y
n
e
w
s
e
c
t
i
o
n
,
c
a
l
l
e
d
A
n
n
e
x
1
4
.
A
n
n
e
x
1
4
c
a
l
l
s
f
o
r
t
h
e
t
w
o
P
a
r
t
i
e
s
,
t
h
e
U
S
.
a
n
d
C
a
n
a
d
a
,
t
o
w
o
r
k
w
i
t
h
t
h
e
i
r
s
t
a
t
e
a
n
d
p
r
o
v
i
n
c
i
a
l
g
o
v
e
r
n
m
e
n
t
s
t
o
i
d
e
n
t
i
f
y
t
h
e
n
a
t
u
r
e
a
n
d
e
x
t
e
n
t
o
f
s
e
d
i
m
e
n
t
p
o
l
l
u
t
i
o
n
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
s
y
s
t
e
m
.
I
t
g
o
e
s
o
n
t
o
m
a
n
d
a
t
e
t
h
e
d
e
v
e
l
o
p
m
e
n
t
o
f
m
e
t
h
o
d
s
t
o
e
v
a
l
u
a
t
e
b
o
t
h
t
h
e
e
c
o
s
y
s
t
e
m
i
m
p
a
c
t
s
o
f
s
e
d
i
m
e
n
t
p
o
l
l
u
t
i
o
n
a
n
d
t
h
e
t
e
c
h
n
o
l
o
g
i
c
a
l
c
a
p
a
b
i
l
i
t
i
e
s
f
o
r
t
h
e
i
r
r
e
m
e
d
i
a
t
i
o
n
.
T
h
e
i
n
f
o
r
m
a
t
i
o
n
g
a
i
n
e
d
f
r
o
m
t
h
e
s
e
p
r
o
g
r
a
m
s
w
i
l
l
h
e
l
p
t
o
g
u
i
d
e
t
h
e
d
e
v
e
l
o
p
m
e
n
t
o
f
r
e
m
e
d
i
a
l
a
c
t
i
o
n
p
l
a
n
s
a
n
d
L
a
k
e
w
1
d
e
M
a
n
a
g
e
m
e
n
t
P
l
a
n
s
.
T
h
e
r
e
i
s
n
e
w
U
S
.
l
e
g
i
s
l
a
t
i
o
n
t
h
a
t
r
e
l
a
t
e
s
d
i
r
e
c
t
l
y
t
o
A
n
n
e
x
1
4
.
.
S
e
c
t
i
o
n
1
1
8
(
c
)
(
3
)
o
f
t
h
e
C
l
e
a
n
W
a
t
e
r
A
c
t
o
f
1
9
8
7
c
a
l
l
s
f
o
r
t
h
e
U
S
.
E
P
A
t
o
c
a
r
r
y
o
u
t
a
f
i
v
e
—
y
e
a
r
S
t
u
d
y
a
n
d
D
e
m
o
n
s
t
r
a
t
i
o
n
P
r
o
g
r
a
m
f
o
r
t
h
e
c
o
n
t
r
o
l
a
n
d
r
e
m
o
v
a
l
o
f
t
o
x
i
c
p
o
l
l
u
t
a
n
t
s
f
r
o
m
t
h
e
G
r
e
a
t
L
a
k
e
s
,
w
i
t
h
e
m
p
h
a
s
i
s
o
n
c
o
n
t
a
m
i
n
a
t
e
d
b
o
t
t
o
m
s
e
d
i
m
e
n
t
s
.
T
h
e
A
c
t
s
p
e
c
1
f
1
c
a
l
l
y
d
e
s
i
g
n
a
t
e
s
.
5
A
O
C
s
f
o
r
'
p
r
i
o
r
i
t
y
c
o
n
s
i
d
e
r
a
t
i
o
n
'
:
S
a
g
i
n
a
w
B
a
y
,
M
i
c
h
i
g
a
n
;
S
h
e
b
o
y
g
a
n
H
a
r
b
o
r
,
I
‘
V
l
s
c
o
n
s
m
,
t
h
e
G
r
a
n
d
C
a
l
u
m
e
t
R
i
v
e
r
,
I
n
d
i
a
n
a
;
t
h
e
A
s
h
t
a
b
u
l
a
R
i
v
e
r
,
O
h
i
o
;
a
n
d
t
h
e
B
u
f
f
a
l
o
R
i
v
e
r
,
N
e
w
York.
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E
P
A
G
R
E
A
T
L
A
K
E
S
P
R
O
G
R
A
M
F
O
R
C
O
N
T
A
M
I
N
A
T
E
D
S
E
D
I
M
E
N
T
S
O
,
h
a
s
t
h
e
p
r
i
m
a
r
y
r
e
s
p
o
n
s
i
b
i
l
i
t
y
N
a
t
i
o
n
a
l
P
r
o
g
r
a
m
O
f
f
i
c
e
,
o
r
G
L
N
P
d
R
e
m
e
d
i
a
t
i
o
n
o
f
a
n
d
h
a
s
i
n
i
t
i
a
t
e
d
a
p
r
o
g
r
a
m
c
a
l
l
e
d
A
s
s
e
s
s
m
e
n
t
a
n
t
s
,
o
r
A
R
C
S
f
o
r
s
h
o
r
t
.
T
h
e
G
r
e
a
t
L
a
k
e
s
f
o
r
S
e
c
t
i
o
n
1
1
8
(
c
)
(
3
)
,
C
o
n
t
a
m
i
n
a
t
e
d
S
e
d
i
m
e
n
g
e
n
e
r
a
l
o
b
j
e
C
t
i
v
e
s
o
f
t
h
e
A
R
C
S
p
r
o
g
r
a
m
a
r
e
:
a
t
u
r
e
a
n
d
e
x
t
e
n
t
o
f
b
o
t
t
o
m
s
e
d
i
m
e
n
t
c
o
n
t
a
m
i
n
The
a
t
i
o
n
a
t
U
S
.
A
r
e
a
s
F
i
r
s
t
,
t
o
a
s
s
e
s
s
t
h
e
n
o
f
C
o
n
c
e
r
n
;
e
a
n
d
d
e
m
o
n
s
t
r
a
t
e
r
e
m
e
d
i
a
l
o
p
t
i
o
n
s
,
i
n
c
l
u
d
i
n
g
r
e
m
o
v
a
l
,
i
m
m
o
b
i
l
i
z
a
—
S
e
c
o
n
d
,
t
o
e
v
a
l
u
a
t
t
m
e
n
t
t
e
c
h
n
o
l
o
g
i
e
s
,
a
s
w
e
l
l
a
s
'
n
o
—
a
c
t
i
o
n
'
a
l
t
e
r
n
a
t
i
v
e
s
t
i
o
n
a
n
d
a
d
v
a
n
c
e
d
t
r
e
a
e
v
e
l
s
o
f
g
o
v
e
r
n
m
e
n
t
i
n
t
h
e
U
S
.
a
n
d
i
n
t
h
e
i
r
j
u
r
i
s
d
i
c
t
i
o
n
s
:
h
o
w
t
o
a
d
d
r
e
s
s
l
e
c
t
t
h
e
a
p
p
r
o
p
r
i
a
t
e
r
e
m
e
d
i
a
l
g
u
i
d
a
n
c
e
t
o
t
h
e
v
a
r
i
o
u
s
1
t
o
f
R
A
P
s
f
o
r
t
h
e
A
O
C
s
a
i
l
a
b
l
e
a
n
d
h
o
w
t
o
s
e
A
n
d
t
h
i
r
d
,
t
o
p
r
o
v
i
d
e
C
a
n
a
d
a
i
n
t
h
e
d
e
v
e
l
o
p
m
e
n
t
h
e
n
e
e
d
f
o
r
a
c
t
i
o
n
a
n
d
t
h
e
o
p
t
i
o
n
s
a
v
m
e
a
s
u
r
e
s
.
t
h
r
e
e
-
t
i
e
r
e
d
m
a
n
a
g
e
m
e
n
t
f
r
a
m
e
w
o
r
k
(
s
e
e
C
o
m
m
i
t
t
e
e
w
i
l
l
b
e
r
e
s
p
o
n
s
i
b
l
e
f
o
r
t
h
e
o
v
e
r
a
l
l
p
r
o
g
r
e
s
s
o
f
t
h
e
p
r
o
g
r
a
m
.
E
a
c
h
o
f
t
h
e
e
i
g
h
t
G
r
e
a
t
L
a
k
e
s
s
t
a
t
e
s
w
i
l
l
b
e
i
n
v
i
t
e
d
t
o
s
e
n
d
a
m
e
m
b
e
r
,
a
s
w
i
l
l
t
h
e
t
h
r
e
e
E
P
A
r
e
g
i
o
n
s
w
i
t
h
G
r
e
a
t
L
a
k
e
s
c
o
a
s
t
l
i
n
e
.
T
h
e
M
a
n
a
g
e
m
e
n
t
C
o
m
m
i
t
t
e
e
w
i
l
l
a
l
s
o
h
a
v
e
r
e
p
r
e
s
e
n
t
a
t
i
o
n
f
r
o
m
o
t
h
e
r
U
S
.
f
e
d
e
r
a
l
a
g
e
n
c
i
e
s
,
E
n
v
i
r
o
n
m
e
n
t
C
a
n
a
d
a
a
n
d
G
r
e
a
t
L
a
k
e
s
U
n
i
t
e
d
(
a
f
e
d
e
r
a
t
i
o
n
o
f
p
u
b
l
i
c
-
i
n
t
e
r
e
s
t
g
r
o
u
p
s
)
.
I
n
t
h
i
s
w
a
y
,
w
e
h
o
p
e
t
h
a
t
d
e
c
i
s
i
o
n
s
m
a
d
e
i
n
t
h
e
A
R
C
S
p
r
o
g
r
a
m
w
i
l
l
r
e
f
l
e
c
t
a
b
r
o
a
d
c
o
n
s
e
n
s
u
s
o
f
o
p
i
n
i
o
n
s
a
n
d
p
r
i
o
r
i
t
i
e
s
.
T
h
e
A
R
C
S
p
r
o
g
r
a
m
w
i
l
l
b
e
o
r
g
a
n
i
z
e
d
i
n
a
F
i
g
u
r
e
2
)
.
T
h
e
M
a
n
a
g
e
m
e
n
t
e
w
i
l
l
c
o
o
r
d
i
n
a
t
e
A
R
C
S
a
c
t
i
v
i
t
i
e
s
a
t
t
h
e
o
p
e
r
a
t
i
o
n
-
a
s
k
s
,
t
h
r
o
u
g
h
i
t
s
a
1
l
e
v
e
l
.
I
t
w
i
l
l
b
e
r
e
s
p
o
n
s
i
b
l
e
f
o
r
t
h
e
a
c
c
o
m
p
l
i
s
h
m
e
n
t
o
f
p
r
o
g
r
a
m
t
g
r
o
u
p
s
.
T
h
e
A
c
t
i
v
i
t
y
I
n
t
e
g
r
a
t
i
o
n
C
o
m
m
i
t
t
e
e
o
v
e
r
s
i
g
h
t
o
f
t
h
e
s
c
i
w
i
l
l
b
e
m
a
d
e
u
p
o
f
w
o
r
k
g
r
o
u
p
c
h
a
i
r
s
,
a
n
d
w
o
r
k
g
r
o
u
p
m
e
m
b
e
r
s
w
i
l
l
b
e
e
x
p
e
r
t
s
r
e
c
r
u
i
t
e
d
f
r
o
m
g
o
v
e
r
n
m
e
n
t
,
i
n
d
u
s
t
r
y
a
n
d
a
c
a
d
e
m
i
a
.
T
h
e
r
e
w
i
l
l
a
l
s
o
b
e
a
C
o
m
m
u
n
i
c
a
t
i
o
n
s
a
n
d
L
i
a
i
s
o
n
G
r
o
u
p
,
r
e
s
p
o
n
s
i
b
l
e
f
o
r
c
o
o
r
d
i
n
a
t
i
o
n
a
t
a
l
l
l
e
v
e
l
s
,
m
e
e
t
i
n
g
a
r
r
a
n
g
e
m
e
n
t
s
,
c
o
r
—
r
e
s
p
o
n
d
e
n
c
e
,
p
u
b
l
i
c
r
e
l
a
t
i
o
n
s
a
n
d
r
e
g
u
l
a
t
o
r
y
c
o
m
p
l
i
a
n
c
e
.
T
h
i
s
g
r
o
u
p
w
i
l
l
b
e
c
o
m
p
o
s
e
d
o
f
G
L
N
P
O
s
t
a
f
f
m
e
m
b
e
r
s
,
a
n
d
w
i
l
l
p
r
o
v
i
d
e
s
u
p
p
o
r
t
f
o
r
c
o
n
t
r
a
c
t
s
o
l
i
c
i
t
a
t
i
o
n
s
a
n
d
a
w
a
r
d
s
,
i
n
f
o
r
m
a
t
i
o
n
g
a
t
h
e
r
i
n
g
a
n
d
a
r
c
h
i
v
i
n
g
,
a
n
d
r
e
p
o
r
t
e
d
i
t
i
n
g
a
n
d
p
r
o
d
u
c
t
i
o
n
.
k
s
t
o
b
e
a
c
c
o
m
p
l
i
s
h
e
d
i
n
w
i
l
l
i
d
e
n
t
i
f
y
a
n
d
a
s
s
i
g
n
p
r
i
o
r
i
t
i
e
s
t
o
t
h
e
t
a
s
.
t
h
e
s
i
s
a
n
d
i
n
t
e
r
p
r
e
t
a
t
i
o
n
E
a
c
h
w
o
r
k
g
r
o
u
p
I
I
a
l
s
o
p
e
r
f
o
r
m
t
h
e
p
r
i
m
a
r
y
s
y
n
i
t
s
a
r
e
a
o
f
a
c
t
i
v
i
t
y
.
T
h
e
g
r
o
u
p
s
w
i
o
f
i
n
f
o
r
m
a
t
i
o
n
a
c
q
u
i
r
e
d
i
n
t
h
e
p
r
o
g
r
a
m
.
T
h
e
T
o
x
i
c
i
t
y
/
C
h
e
m
i
s
t
r
y
W
o
r
k
G
r
o
u
p
w
i
l
c
o
n
t
a
m
i
n
a
t
i
o
n
p
r
o
b
l
e
m
,
i
n
c
l
u
d
i
n
g
t
h
e
f
a
t
e
a
n
d
t
r
a
n
s
1
m
a
i
n
l
y
b
e
c
o
n
c
e
r
n
e
d
w
i
t
h
a
s
s
e
s
s
m
e
n
t
o
f
t
h
e
p
o
r
t
o
f
c
o
n
t
a
m
i
n
a
n
t
s
.
g
y
W
o
r
k
G
r
o
u
p
w
i
l
l
h
a
v
e
t
h
e
p
r
i
m
a
r
y
r
e
s
p
o
n
s
i
b
i
l
i
t
y
f
o
r
h
e
d
e
m
o
n
s
t
r
a
t
i
o
n
p
r
o
j
e
c
t
s
.
T
h
e
E
n
g
i
n
e
e
r
i
n
g
/
T
e
c
h
n
o
l
o
a
n
d
w
i
l
l
c
o
o
r
d
i
n
a
t
e
t
e
v
a
l
u
a
t
i
n
g
r
e
m
e
d
i
a
l
t
e
c
h
n
o
l
o
g
i
e
s
,
w
a
r
d
o
b
t
a
i
n
i
n
g
r
e
l
i
a
b
l
e
i
m
e
n
t
p
r
o
b
l
e
m
s
,
p
r
e
d
i
c
t
i
n
g
d
t
h
e
r
e
c
o
v
e
r
y
p
r
o
c
e
s
s
,
o
r
k
G
r
o
u
p
w
i
l
l
w
o
r
k
t
o
n
v
i
r
o
n
m
e
n
t
a
l
h
a
z
a
r
d
o
f
c
o
n
t
a
m
i
n
a
t
e
d
s
e
d
d
i
a
l
a
c
t
i
o
n
(
i
n
c
l
u
d
i
n
g
n
o
-
a
c
t
i
o
n
a
l
t
e
r
n
a
t
i
v
e
s
)
a
n
f
r
e
m
e
d
i
a
t
i
o
n
a
c
t
i
v
i
t
i
e
s
.
T
h
e
R
i
s
k
A
s
s
e
s
s
m
e
n
t
/
M
o
d
e
l
l
i
n
g
W
e
v
a
l
u
a
t
i
o
n
s
o
f
t
h
e
e
t
h
e
i
m
p
a
c
t
s
o
f
r
e
m
e
a
n
d
m
o
d
e
l
l
i
n
g
e
c
o
n
o
m
i
c
i
m
p
a
c
t
s
0
 
  
F
I
G
U
R
E
2
:
M
A
N
A
G
E
M
E
N
T
S
T
R
U
C
T
U
R
E
F
O
R
A
S
S
E
S
S
M
E
N
T
A
N
D
R
E
M
E
D
I
A
T
I
O
N
O
F
C
O
N
T
A
M
I
N
A
T
E
D
S
E
D
I
M
E
N
T
S
(
A
R
C
S
)
P
R
O
G
R
A
M
 
M
A
N
A
G
E
M
E
N
T
C
O
M
M
I
T
T
E
E
chaired by
E
P
A
/
G
L
N
P
O
S
t
a
f
f
\
Agency Reps.
   
A
C
T
I
V
I
T
Y
I
N
T
E
G
R
A
T
I
O
N
COMMITTEE
c
h
a
i
r
e
d
b
y
C
S
P
S
c
h
i
e
f
W
o
r
k
G
o
u
p
s
C
h
a
i
r
s
C
o
m
m
u
n
i
c
a
t
i
o
n
s
/
Liaison
Work Group
      
T
o
x
i
c
i
t
y
/
E
n
g
i
n
e
e
r
i
n
g
/
R
i
s
k
A
s
s
e
s
s
m
e
n
t
/
C
h
e
m
i
s
t
r
y
T
e
c
h
n
o
l
o
g
y
M
o
d
e
l
i
n
g
W
o
r
k
G
r
o
u
p
W
o
r
k
G
r
o
u
p
W
o
r
k
G
r
o
u
p
       
 Wh
il
e
th
e w
or
k
gr
ou
ps
wil
l d
o
mu
ch
of
th
e f
ina
l s
yn
th
es
is
of
in
fo
rm
at
io
n,
mu
ch
of
th
e
ex
pe
ri
me
nt
al
wo
rk
Wil
l b
e c
ont
rac
ted
.
We
wil
l n
ego
tia
te
In
te
ra
ge
nc
y A
gr
ee
me
nt
s w
it
h t
he
U.S
. A
rm
y
Co
rp
s o
f E
ngi
nee
rs
an
d t
he
U.S
. F
ish
an
d W
ild
lif
e S
erv
ice
to
han
dle
mu
ch
of
thi
s w
or
k i
n t
hei
r r
esp
ect
ive
are
as
of
exp
ert
ise
.
In
add
iti
on,
so
me
of
the
wo
rk
wil
l b
e
aSSigned through open solicitations.
As
yo
u c
an
see
fr
om
the
tim
eta
ble
pr
es
en
te
d i
n F
igu
re
3,
we
ha
ve
a v
er
y a
mbi
tio
us
sc
he
du
le
,
an
d
a l
ot
of
wo
rk
ah
ea
d
of
us.
So
fa
r w
e
ar
e
mo
re
or
le
ss
on
tr
ac
k,
bu
t
th
e
ma
jo
r
wo
rk
un
it
sh
av
e
no
t s
ta
rt
ed
yet
.
Th
er
e a
re
tw
o p
oi
nt
s I
wo
ul
d l
ike
to
cla
rif
y b
ef
or
e
I g
o
fu
rt
he
r.
Fi
rs
t,
th
e
AR
CS
pr
og
ra
m
is
M
a
cl
ea
n—
up
.
Ou
r
en
ti
re
bu
dg
et
fo
r
th
e
du
ra
ti
on
of
th
e
pr
OJ
ec
t
wo
ul
d
no
t
be
en
ou
gh
to
cl
ea
n
up
ev
en
on
e
of
th
e
AO
Cs
.
Ou
r
pu
rp
os
e
is
to
an
sw
er
qu
es
ti
on
s
th
at
wi
ll
he
lp
to
gu
id
e
go
ve
rn
me
nt
s
as
th
ey
fo
rm
ul
at
e
re
me
di
al
ac
ti
on
pl
an
s.
Th
er
e
Wi
ll
be
so
me
on
—s
it
e
te
ch
no
lo
gy
de
mo
ns
tr
at
io
ns
,
bu
t
on
a
ve
ry
re
st
ri
ct
ed
sc
al
e.
Th
e
fu
nd
in
g
fo
r
th
e
ac
tu
al
cl
ea
n-
up
s
is
no
t
ev
en
in
th
e
sa
me
ba
ll
pa
rk
.
se
co
nd
,
th
e
li
st
of
pr
io
ri
ty
ar
ea
s
fo
r
de
mo
ns
tr
at
io
ns
,
as
n
a
m
e
d
in
th
e
Ac
t,
is
no
t
ex
cl
us
we
or
re
st
ri
ct
iv
e.
Wh
il
e
we
ho
pe
to
ha
ve
so
me
ac
ti
vi
ti
es
in
ea
ch
of
th
es
e
fi
ve
ar
ea
s,
th
er
e
m
a
y
be
wo
rk
ca
rr
ie
d
ou
t
at
ot
he
r
A
O
C
s
.
Th
es
e
de
ci
si
on
s
wi
ll
be
pa
rt
ly
ba
se
d
o
n
co
st
co
ns
id
er
at
io
ns
.
Fi
el
d—
sc
al
e
de
mo
ns
tr
at
io
ns
ar
e
pr
oh
ib
it
iv
el
y
ex
pe
ns
iv
e,
so
w
e
wi
ll
b
e
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CHAIRMAN'S SUMMARY - PART IV
At present, Environment Canada has neither a national nor a regional program in
place, either to mitigate (non—navigational) contaminated sediment problems or to
develop/demonstrate new technologies. They are currently awaiting the development
of the RAP documents to identify the needs for such programs in the Great Lakes.
The participants indicated that this approach seemed to be backwards since RAPs, by
definition, should include actions.
The United States Environmental Protection Agency, under sections of the Clean
Water Act, should have over five million dollars per year for their demonstration
program. However, the exact amount available for these purposes, in any particular
year, is not guaranteed.
Five sites, all Areas of Concern, are specifically designated under the Clean Water
Act for priority consideration: Saginaw Bay, Michigan; the Buffalo River, New York;
Sheboygan Harbor, Wisconsin; the Grand Calumet River, Indiana and Ashtabula River,
Ohio. It was noted that the latter three sites have also had portions designated as
'Superfund' sites, based on sediment contaminant levels. Therefore, it was question-
ed whether these sites were appropriate for the demonstration program. Participants
suggested that since these areas, or at least portions of these areas, were already
slated for remediation, that greater information would likely be gained by the
comparative testing of technologies in one or two areas only.
EPA's ARCS (Assessment and Remediation of Contaminated Sediments) program is
currently in the planning phase, and it is unknown as yet how RAP coordinators or the
jurisdictions are to become involved. In addition, the demonstration/research pro-—
gram has a five year time frame and no indication of what happens, procedurally,
afterwards was provided (i.e. unclear if complete Areas of Concern clean—up would
then be enacted, using one or more of the demonstrated technologies).
After hearing presentations from both agencies, participants recommended that
further technology research and development (including scale demonstrations) be
actively supported; however, they also advised against "reinventing the wheel." It was
recommended that the agencies build upon the results of this symposium, other Great
Lakes' reports (e.g. the SSC reports1 and the Areas of Concern report?) and the
programs elsewhere in North America and Europe.
1Procedures for the Assessment of Contaminated Sediment Problems in the Great
Lakes. Report by the Sediment Subcommittee and its Assessment Work Group to the
Great Lakes Water Quality Board, International Joint Commission, Windsor, Ontario,
December 1988.
Options for the Remediation of Contaminated Sediments in the Great Lakes. Report by
the Sediment Subcommittee and its Remedial Options Work Group to the Great Lakes
Water Quality Board, International Joint Commission, Windsor, Ontario, December 1988.
2Guidance on Characterization of Toxic Substances Problems in Areas of Concern in
the Great Lakes Basin. A Report from the Surveillance Work Group to the Great Lakes
Water Quality Board, International Joint Commission, Windsor, Ontario, March 1987.
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